
This is a digital copy of a book that was preserved for generations on library shelves before it was carefully scanned by Google as part of a project 
to make the world's books discoverable online. 

It has survived long enough for the copyright to expire and the book to enter the public domain. A public domain book is one that was never subject 
to copyright or whose legal copyright term has expired. Whether a book is in the public domain may vary country to country. Public domain books 
are our gateways to the past, representing a wealth of history, culture and knowledge that's often difficult to discover. 

Marks, notations and other marginalia present in the original volume will appear in this file - a reminder of this book's long journey from the 
publisher to a library and finally to you. 

Usage guidelines 

Google is proud to partner with libraries to digitize public domain materials and make them widely accessible. Public domain books belong to the 
public and we are merely their custodians. Nevertheless, this work is expensive, so in order to keep providing this resource, we have taken steps to 
prevent abuse by commercial parties, including placing technical restrictions on automated querying. 

We also ask that you: 

+ Make non-commercial use of the files We designed Google Book Search for use by individuals, and we request that you use these files for 
personal, non-commercial purposes. 

+ Refrain from automated querying Do not send automated queries of any sort to Google's system: If you are conducting research on machine 
translation, optical character recognition or other areas where access to a large amount of text is helpful, please contact us. We encourage the 
use of public domain materials for these purposes and may be able to help. 

+ Maintain attribution The Google "watermark" you see on each file is essential for informing people about this project and helping them find 
additional materials through Google Book Search. Please do not remove it. 

+ Keep it legal Whatever your use, remember that you are responsible for ensuring that what you are doing is legal. Do not assume that just 
because we believe a book is in the public domain for users in the United States, that the work is also in the public domain for users in other 
countries. Whether a book is still in copyright varies from country to country, and we can't offer guidance on whether any specific use of 
any specific book is allowed. Please do not assume that a book's appearance in Google Book Search means it can be used in any manner 
anywhere in the world. Copyright infringement liability can be quite severe. 

About Google Book Search 

Google's mission is to organize the world's information and to make it universally accessible and useful. Google Book Search helps readers 
discover the world's books while helping authors and publishers reach new audiences. You can search through the full text of this book on the web 



at |http : //books . google . com/ 



ot Ibc 

inniverdit^ of Tlfflisdonsin 



I C: 



i 



ELECTRICAL PRACTICE IN COLLIERIES. 



NET BOO ?g.— This book is supplied to the 
Trade on terms which will not allow of Discount 
to the Public. 

CHARLES GRIFFIN & CO., LTD. 



ELECTRICAL PRACTICE IN COLLIERIES. 



Works by prof. a. jamiesoN, 

M.IN8T.C.E., F.R.S.E.. M.IN8T.E.E. 

MAONETISM AND ELECTRICITY. Specially arranged for Elementary 
or JU'irst-Year Students. With Examinatiou Questions. FKtjh Edition. 3b. 6d. 

STEAM AND STEAM ENGINES (A Text-Book on). With numerous 

Illustrations, Plates, and many Examination Questions. Fourteenth Edition. 
88. 6d. 

STEAM AND THE STEAM ENGINE (An Elementary Manual on), 
forming an Introduction to the Larger Work. Ninth Edition. Cloth. 8s. 6d. 

APPLIED MECHANICS (An Elementary Manual on). With Examin- 
ation Questions. Fifth Edition. With numerous Diagrams. 3s. 6d. 

APPLIED MECHANICS (An advanced Text-Book on. Vol. I.— Com- 
prising Part I. : The Principle of Work and its Applications ; Part II. : Gearing. 
Third Edition. 7s. 6d. 

Vol. II.— Comprising Parts III. to IV. : Motion and Energy ; Strength of Materials 
Hydraulics and Hydraulic Machinery. SECOND Edition . bs. 6d. 

POCKET-BOOK OF ELECTRICAL RULES AND TABLES. By J. 

MuNRO and Prof. A. .fAMiESON. Sixteenth Edition. Leather, Gilt, 8s. 6d. 



In Large 8vo. Handsome Cloth. Profusely Illustrated with Plates, Diagrams, 
and Figures. Price 24s. net. 

CENTRAL. BL.ECTRICAL. STATIONS: 

Their Design, Organisation, and Management, Including the Generation and Distribution 
of Electrical Energy. 

By CHAS, H. WORDINGHAM, A.K.C., M.I.C.E., M.I.M.E., 

Late Member of the Council of the Institute of Electrical Engineers, and Electrical 

Engineer to the City of Manchester. 
"The Author furnishes elaborate particulars as to the General Organisation of a 
Central Station. ... A work of exceptional completeness."— 'iA« Hcotsman. 



ORE AND STONE MINING. By C. Lk Neve Foster, D.Sc, F.R.S., 

Professor of Mining, Royal College of Science. Fourth Edition, Thoroughly 
Revised. 34s. 

COAL MININO. For the Use of Colliery Managers and others engaged 
in Coal Mining. By H. W. Hughes, Assoc. Royal School of Mines, F.G.S. With 
very numerous Illustrations. Fourth Edition, Revised and greatly Enlarged. 
24s. net. 

MINE-SURVEYINO. For the Use of Managers of Mines and Collieries, 
&c. By Bennett H. Brough, F.I.C, F.G.S. , formerly Instructor of Mine Surveying, 
Royal School of Mines. ^INTH Edition, Revised. 7s. 6d. 

PRACTICAL COAL MINING. For those employed in and about 
Collieries. With special reference to Scotch Practice. By G. L. Kerr, M.E., 
M.Inst.M.E. Very luily illustrated. Second Edition, Revised. 12s. «d. 

ELEMENTARY COAL MINING. By G. L. Kere, M.E. With 200 

Illustrations. 3s. 6d. 
BLASTING. A Handbook, for the Use of Engineers and others engaged in 
Mining, Tunnelling, Quarrying, &c. By Oscar Gutthan, Assoc. M. Inst. C.E. lOs. 6d. 

MINE ACCOUNTS AND MINING BOOK-KEEPING. With Numerous 
Examples from Actual Practice. By James G. Lawn, As8oc.R.S.M., Prof, of 
Mining at the South African School of Mines. Edited by Prof. Le JNeve Foster. 
Second Edition. lOs. 6d. 

In Large 8vo. Handsome Cloth. With Frontispiece, several Plates, and over 
250 Illustrations. 21s. 

THE PRINCIPLES AND 

CONSTRUCTION OF PUMPING MACHINERY. 

With Practical Illustrations of Engines and Pumps applied to Mining, 
Water Supply, Drainage, Ac. 

By henry DAVEY, Inst.C.E.M., Inst. M.E.M. F.G.S., &c. 

" By the one English Engineer who probably knows more about Pumping than any 
otAiev."— The Engineer. ' 

LONDON : CHARLES GRIFFIN & CO., LTD., EXETER STREET, STRAND. 



ELECTRICAL PRACTICE 



COLLIERIES. 



a /l^anual 

FOR COLLIERY MANAGERS, UNDER-MANAGERS, 
ENGINEERS, AND MINING STUDENTS. 



DANIEL BURNS, M.Inst.M.E., 

CERTIFICATED COLLIERY MANAGER ; LECTURER ON MINING AND GEOLOGY, 
THE GLASGOW AND WEST OF SCOTLAND TECHNICAL COLLEGE. 



TKIKtb H2 5llu6tratlon6 an^ flumcroua Bjamplce ot tbe 
Calculations Jnpolve^ 




LONDON: 

CHARLES GRIFFIN & COMPANY, LIMITED; 

JSXETER STREET, STRAND. 

1903. 



76946 

MAR 9 ]904 



f ^ ^ 7 s M 



PREFACE. 



DuEiNG recent years the application of electric power in 
and about collieries has been extending rapidly, and at 
present few collieries of importance are without installa- 
tions for the generation of electricity. 

This little book is written with the intention of giving 
a short description of a few of the principal applications 
of this form of energy about collieries, and to serve as 
a guide to students who may be preparing for Certificates 
as Mine Managers, and who will, as time advances, be 
called upon to deal with questions and methods such as 
are here dealt with. 

The ever-increasing demand for electric power in mines 
should form a sufficient reason for this attempt to put 
some information of a practical nature before that section 
of the public whose interests are largely bound up with 
recent developments and improvements in coal-working 
machinery. No attempt has been made to deal with 
the purely scientific aspects of the subject, but merely 
to include such technical details that the author has 
found to be of service in his own practice, and which, 
he hopes, will be of some service to Mining Students, 
Colliery Managers, and other responsible officials who 
may have to deal with the electrical equipment of 
collieries. 



VI PREFACE. 

Arithmetical examples have been included at the end 
of several of the Chapters for the benefit of those students 
who may peruse the book. The answers given to these 
examples are only correct to the nearest round number, 
having in most caseig been obtained by the use of the 
slide rule. If any errors come under the observation of 
those using the book, the author would feel much obliged 
if they would point them out to him.. 

The author gratefully acknowledges his indebtedness to 
many of the Technical Journals for information included 
in the book, and has also to thank the General Electric 
Company, Messrs. Ernest Scott & Mountain, the British 
Thomson-Houston Company, Messrs. Mavor & Coulson, 
and the Grant Electric Drill Company for the loan of 
process blocks, and the Jeffrey and other Companies who 
supplied photographs of their manufactures. 

He has also further to express his thanks to the pub- 
lishers for the pains that have been taken both with the 
text and the illustrations. 

D. B. 

GlasgoWy January^ 1903. 



CONTENTS. 



CHAPTER I.— Units op Measurement, Conductors, &c. 

PAOES 

Units— The Volt— The Ohm— The Ampere— The Watt— Series 
Circuit — Parallel Circuit — Carrying Capacity of Cables — 
Lightning Arrester — Measuring Instruments — Shaft Cables 
— Clamps — Insulated Suspenders — Examples, . . . 1-21 

CHAPTER II.— Theory of the Dynamo. 

Magnets — Lines of Force — Solenoid — Direction of Current — 
Commutation — Distortion of Magnetic Field — Eddy Currents 
and Hysteresis — Series Winding — Shunt Winding — Com- 
pound Winding — Alternating Current— Alternating Current 
Dynamo — Polyphase Currents— Three-phase Generator, . 22-36 

CHAPTER III- The Dynamo. 

Continuous Current Dynamos — Armatures — Formed Coils for 
Winding — Commutators — Brushes — Driving by Belts — At- 
tending the Dynamo — Tests for Continuity — Insulation Test 
— Faults and Remedies — Faults in Armature — Faults in 
Commutator — Engines for Driving — Parson's Steam Turbine 
—Examples, 37-64 

CHAPTER IV.— Motors. 

Transmission of Power — Construction of Motor — Back E.M.F. — 
Starting Switches — Stopping the Motor — Siemens' Starting 
Switch — Liquid Starters — Connections for Series Motor — 
Connections for Shunt Motor — Connections for Compound 
ilotor — Efficiency — Multipolar Motor — Enclosed Motors — 
Alternate Current Motors — Three-phase Motor — Star Con- 
nection — Mesh Connections — Examples, .... 65-84 



CHAPTER v.— Lighting. 

Advantages of Electric Light — Incandescent Lamps — Fuse Wires 
— Switches— Arc Lighting— Arc Lamps — Lamp Fittings — 
Anti- vibration Lamps — Light required for given Area — -Size 
of Engine for Lighting — Examples, 85-104 



VIU CONTENTS. 

CHAPTER VI —Pumping. 

PAGES 

Advantages of Electric Pumping — Dip Pumping — Speed of 
Motors — Three-throw Pumps — Size of Pumps — Pumping 
Installations — Reidler Pumps — Centrifugal Pumps— Quantity 
of Water dealt with —Efficiency— Jeanesville Sinking Pump — 
Power Required to work Pumps — Situation of Pumps — Loss 
of Head in Pipes— Strength of Pipes — Pumping by Three- 
phase System — Examples, 105-136 

CHAPTER VII.— Haulage. 

Advantages — Various Systems of Haulage — Direct Acting 
Haulage — Main and Tail Rope Haulage — Endless Rope 
Haulage— Endless Chain Haulage — Haulage on Steep Grades 
— Haulage by Locomotive — Types of Locomotives — Starting 
Gear — Motors — Locomotives with Storage Batteries — 
Examples, 137-162 

CHAPTER VIII.— Coal Cutting. 

Importance of Coal Cutting— Advantages and Disadvantages — 
Place to Cut — Laying off Workings — Panel Working — Best 
Power to Adopt— Types of Machines — Bar Machine — Disc 
Machine — Chain Machine — Cutting Tools — Tool Holders — 
Shearing Machines — Coal-Cutter Motors — Strain on 
Working Parts — Cable Connectors — Cutting under a Bad 
Roof — Cost of Cutting— Description of Coal-Cutting Plant, . 163-198 

CHAPTER IX.— Miscellaneous Appliances. 

Miners' Lamps — Lighting and Cleaning Lamps— Shot Firing — 
High Tension System — Low Tension System — Magneto 
Exploders — Reels for Cables— Shot Holes in Series, Parallel, 
and Multiple Series— Power Drills— Jeffrey Drill — Grant's 
Drill — Winding — Signalling — Mining Bells — Batteries — 
Telephones — Ventilation — Fans — Workshops —Accidents, . 199-221 

Index, 222 



ELECTEICAL PRACTICE 
IN COLLIERIES. 



CHAPTER I. 

UNITS OF MEASUREMENT, CONDUCTORS, &c. 

Before attempting to ascertain the mass or volume of any 
object, periods of time, d^c, it is necessary to select some definit-e 
unit, in terms of which the quantities under examination may 
be expressed. In other words, we must adopt some standard, 
by comparison with which we may seek to determine the mass 
or volume of a body, a period of time, (fee. Thus when we speak 
of 5 lbs., or 5 tons, we mean five times the quantity of matter 
contained in a well-defined unit known as a pound or a ton. 
Obviously the unit employed must be one referring to quantities 
of the same order as those we are seeking to ascertain — i.e., a 
unit of weight to express quantities of matter under gravita- 
tional influences, or one of volume to express size or bulk. The 
units selected may be, and indeed in practice often are, quite 
arbitrary, but as long as they convey definite conceptions, con- 
stant under all conditions, they will serve their purposes as 
standards of comparison. The term pound is such a conception,* 
a pound of white-hot iron or of ice-cold water being, in either 
case, definite and invariable quantities of matter. Prior, there- 
fore, to discussing the applications of electricity to mining 
operations, it will be well to consider the units employed to 
express those properties of electricity upon the development of 
which its operations depend. 

* The pound referred to above is to be regarded as a unit of mass, and 
as such is invariable under all circumstances. Regarded as a unit of 
weight — i.e., mass under gravitational attraction — it will vary at dijQferent 
points or levels on the earth's surface ; even under these conditions its 
value as a unit remains unimpaired, inasmuch as the other quantities of 
matter with which it is compared will be affected similarly to itself, their 
relative weights being unaltered. 
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Electrical currents are measured by the efiects they produce, 
the units employed being the expression of the effects produced 
in unit periods of time, under unit conditions. The units are as 
follows : — 

The Volt. — This is the unit of potential or pressure, and 
expresses the difference existing between two or more currents 
of electricity, this pressure being regarded as the tendency of an 
electrical current having a high potential to flow toward areas 
in which the potential is lower. The volt is determined by the 
difference in potential between the two poles of a specially- 
constructed cell known as Olark's, under special conditions of 
temperature (15° 0. ; 59* F.), this difference being, according to 
the official definition propounded by the Board of Trade, equal 
to 1 '434 volts. E.M.F. (Electromotive force) is an old term 
frequently confused with voltage, but it expresses, not the 
difference in potential itself, but the force due to this difference. 
The unit is, however, the same. 

In practice the pressure of the current is measured by an 
instrument called a voltmeter, graded from a standard instru- 
ment expressing legal units. 

When a current of electricity flows from one point to another 
a certain amount of potential is dissipated in overcoming the 
resistance of the conductor over which it passes, hence we have 
a fall in pressure taking place all along the path that the current 
traverses. The higher pressure is spoken of as being positive 
or + , the lower as being negative or - . 

Electrical pressure can be generated by various methods, but 
the motion of a conductor in a magnetic field is the method in 
practical use for generating power. This will be described 
later. 

Ohm. — As already stated, a conductor offers resistance to the 
flow of an electric current. The unit in use for measuring this 
resistance is called the oAm, and is the resistance offered by a 
column of mercury, the cross sectional area and length of which 
are constants. At 32° F., 0° 0., the column has a mass of 14*452 
grammes, a length of 106*3 centimetres, and a uniform diameter. 
The standard instrument of the Board of Trade offers a resist- 
ance of 1 ohm to the passage of an unvarying current when 
the temperature of the coil of wire, which in this instrument is 
substituted for the column of mercury, is 85*4* C. Measuring 
instruments called ohmmeters are used for the purpose of deter- 
mining the resistance of a circuit. 

The resistance of a copper wire ^^ of an inch diameter and 
130 yards long is approximately equal to 1 ohm. 

Ampere. — This term expresses the quantity of current flowing 
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along a conductor, and may be compared to the quantity of 
water flowing through a pipe, or the amount of air passing 
through an airway. The ampere is defined as the unvarying 
<3urrent which, when passed through a solution of nitrate of 
silver (under certain specified conditions), will deposit silver at 
the rate of 0-001118 ot a gramme per second. It is the current 
which is passing through the coils of the Board of Trade 
Standard Instrument ; when on reversing the current in the 
fixed coils, the change in the forces acting upon the suspended 
coil in its sighted position, is exactly balanced by the force of 
gravity upon a certain platinum weight. 

Instruments graded from the above standard, and known as 
ammeters, are used for making practical measurements of the 
quantity of current. 

Ohms Law, — This expresses the relationship between the 
units of quantity, pressure, and resistance, and may be sum- 
marised as follows : — 

Let C = current in amperes. 
,, E = pressure of current in volts. 
„ 11 = resistance in ohms. 

Then C = I (1), E = X R (2), and R = ^ (3). 

The following examples may serve to illustrate the use of the 
foregoing formulae : — 

Find the pressure required to send a current of 20 amperes through a 
resistance of 10 ohms. 

E = C X R = 20 X 10 = 200 volts. 

A current of 40 amperes is passing through a circuit at a pressure of 180 
volts. Find the resistance of the circuit. 

^ E 180 . _ , 
R = p = —r- = 4*5 ohms. 

Watt. — This is the unit of work performed by the current, 
and is equivalent to foot-pounds in mechanics. It is obtained 
by multiplying 1 volt by 1 ampere, and is consequently often 
termed the volt ampere ; 746 such units are equal to one horse- 
power. 

In practice installations are always fitted with an ammeter, 
and voltmeter, and as a consequence, it becomes an easy matter 
to obtain the horse-power being expended, or otherwise the 
rate at which work is being done. Take the following as an 
example: — 
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A dynamo supplies current to drive a pump, the pressure i» 
210 volts, and the quantity 50 amperes. Find the electrical 
horse-power — 

TT ^ volts X amperes 210 x 50 ^ . rxo ^ 
^•^- 746-*^ 746- = ^*'^^ "^'^y- 

The watt is a comparatively small unit, and it has become 
customary to express the output of large machines in kilowatts 
(1000 watts). 

For convenience it may be stated that 1 watt is equal to 
about 44^ foot-pounds, and as 746 watts are equal to 1 horse- 
power, the kilowatt is equal to about IJ horse-power (I'M), 

For other units which are of less importance to the practical 
engineer, such as the Coulomb, the Farad, the Henry, the 
Joule, <fec., the reader may be referred to works of a more 
technical nature. 

When a difference of electrical pressure has been set up it is 
necessary to provide a path for the current to traverse. Such 
a path must be continuous between the rejjions of high and low 
pressure, and must be capable of carrying current ; or, in other 
words, must be formed by some conducting material, usually 
copper wire, while the distance traversed from the point of 
generation and back again is called the circuit. 

Circuits may be divided into two classes called series, and 
shunt or parallel. The arrangement of the series circuit is 
shown in Fig. 1, where one continuous path is opened for the 



-h# 




Fig. 1. — Series Circuit. 

current which flows from the point of high to that of low 
pressure or potential. Lamps, motors, <fec., are inserted at 
points along the path, and the current performs work in over- 
coming their resistance. 

In the shunt or parallel system two mains or leads are used, 
their connections are made to the points of high and low pres- 
sure, and cross connections made between them, at points where 
a lamp, motor, &c., may be wanted. The arrangement is shown 



UNITS OP MEASUREMENT, CONDUCTORS, ETC. O 

\>y Fig. 2. The current flowing along the mains divides itself 
a«mong the various branches or cross connections thus made, in 
inverse proportion to their resistance. 

A little consideration will show that in the series circuit the 
total resistance equals the sum of the separate resistances placed 
in the path of the current, because they form a continuous path, 
and the strength of the current flowing will be the same all 
■along that path. In the case of the parallel circuit the total 
resistance is less than any of the branches, and as the branches 
bridge across the two mains the sum of their cross sections may 
be taken as equal to one wire whose cross section is equal to 
that of the main. 




Fig. 2.— Parallel or Shunt Circuit. 

The resistance of the circuits, A, B, and C, in Fig. 2 may be taken as 
"20, 30, and 40 ohms, and the total current flowing as 91 amperes, if r^ be 
resistance of A, r^ resistance of B, and r^ resistance of C ; then the current 

an A will be to the whole current as — to - H H , that is 
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Again, 



Current in B 


= 28 amperes. 
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Current in C 


= 21 amperes. 



The same method of calculation would apply for any number of parallel 
branches. 

In the foregoing example, three resistances in parallel in the same 
circuit have been given, namely, 20, 30, and 40 ohms, and from these 
known quantities, the total resistance of the circuit can be calculated. 
Since the reciprocal of the joint resistance is the sum of the reciprocals 
of the separate resistances, if the same notation be used as before, but 
with K as the total resistance. Then 
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^1 r^ ^8 
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13 
~ 120' 


13 R 


= 120, 


R 


= 9-23 ohms. 



When a continuous path is formed for the current to traverse^ 
the circuit is said to be closed. When a gap or discontinuity is 
formed in the path in such a manner as to prevent the flow of 
current, the circuit is said to be open. Should some material 
which is a conductor, and which ofiers less than the normal 
working resistance, bridge across the circuit, the current will 
flow along the path thus opened, and what is termed a short 
circuit is formed. 

Since the colliery engineer is often called on to fix up circuits 
about a colliery, it may be of some service to give particulars of 
the safe carrying capacity of electrical conductors in ordinary 
use. The current is taken as 1000 amperes per square inch of 
section of the cable. It is usual to make such cables of a 
number of smaller wires twisted together, the size oi cable i& 
then expressed as a fraction, the numerator showing the number 
of wires in the cable, and the denominator showing the gauge of 
the wire. 
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Standard Gauge 
of Wire. 


Weight per MUe 


Resistance per Mile 
in Ohms. 


Carrying Capacity 
In Amperes. 


1f^ 


90 


9-908 


44 


7/21 


117 


7-596 


5-7 


7120 


148 


5-998 


7-2 


7/19 


183 


4-861 


8-9 


7/18 


263 


3-380 


12-9 


7/17 


35S 


2-477 


17-6 


7/16 


468 


1-895 


23-0 


7/15 


592 


1-498 


29 1 


7/14 


731 


1-214 


35-9 


7/13 


967 


0-9179 


47-6 


7/12 


1,235 


0-7183 


60-7 


7/11 


1,537 


0-5776 


75-5 


7/10 


1,870 


0-4744 


91-9 


19/22 


244 


3-634 


12-0 


19/21 


318 


2-795 


15-6 


19/20 


403 


2-202 


19-8 


19/19 


497 


1-786 


24-4 


19/18 


714 


1-243 


351 


19/17 


975 


0-9103 


47-9 


19/16 


1,272 


0-6976 


62-6 


19/15 


1,610 


0-6612 


791 


19/14 


1,987 


0-4467 


97-6 


19/13 


•^,625 


. 0-3380 


129 


19/12 


3,358 


0-2642 


165 


19/11 


4,173 


0-2126 


205 


19/10 


5,090 


0-1744 


250 


37/19 


971 


09140 


47-7 


37/18. 


1,396 


0-6366 


68-6 


37/17 


1,901 


0-4667 


93-4 


37/16 


2,483 


0-3574 


122 


37/15 


3,134 


0-2831 


154 


37/14 


3,887 


0-2283 


191 


37/13 


5,129 


0-1730 


252 


37/12 


6,654 


0-1364 


322 


37/11 


8,160 


0-1087 


401 
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9,931 


0-0893 


• 488 


61/18 


2,300 


0-3869 
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0-2831 
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4,091 


0-2169 
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6,189 


0-1710 
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6,410 


0-1384 
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61/13 


8,467 


0-1048 


416 


61/12 


10,820 


0-0819 


632 


61/11 


13,450 


0-0669 


661 


61/10 


16,390 


0-0541 


806 



When current is transmitted through a cable, work is done in 
overcoming the resistance of the cable, and a fall of voltage 
takes place. This fall of voltage may be found by multiplying 
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the resistance of the cable by the current flowing. It is neces- 
sary to remember that the distance between the dynamo and 
motor must be doubled in making this calculation, as both 
outgoing and return conductors have to be taken into con- 
sideration. 

Example. — Find the loss of volts in a 7/14 cable when the total length is 
one mile and the current flowing 35 amperes. 

From the table a 7/14 cable has a resistance of 1*214 ohms per mile, 
. • . 1 -214 X 35 = 42-49 volts lost. 

An approximate rule (accurate enough for ordinary practice) 
is that, where the current density is 1000 amperes per square- 
inch section of copper, the loss is 2| volts per 100 yards of cable. 

When estimating the size of dynamo to drive a motor, or do 
other work, the loss due to transmission along the cables must 
be taken into account, and the dynamo constructed to give an 
E.M.F. at its terminals equal to that required by the motor, 
plus that lost in transmission. 

The work lost in watts in a cable may be found by squaring 
the current (in amperes) and multiplying by the resistance. 

Example. — Find the watts lost in a 7/14 cable when carrying a current 
of 35 amperes. 

36 X 35 X 1-214 = 1487-15 watts for each mile length of cable. 

The watts lost will vary with the length, increasing as the 
length increases, and decreasing as the length decreases. By 
suitable selection, the power used up in the cable can be made 
as small as desired. But unreasonable increase of size will 
increase the first cost of cable to such a point that no economy 
will result. 

There are a great many classes of cables suitable for electrical 
power transmission. Where cables are used in such a position 
that they are out of reach of persons and can readily be insulated 
from earth, bare copper wire is commonly used ; in the mine, 
however, it becomes necessary to use insulated cables. An 
insulator is a substance' which offers a very high resistance to the 
passage of electricity, and whicli is, therefore, applied to the 
surface of a conductor to prevent leakage, as the tendency of the 
current is always to pass to earth if it can only find a suitable 
path. Insulation is usually measured in megohms, one megohm 
being equal to one million ohms ; in practice, the insulation test 
is made by immersing the insulaied cable for twenty-four hours 
in salt water, and then taking the insulation resistance between 
the conductor and the earth. The insulating materials used 
for the insulation of cables are — 
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(1) Indiarubber (pure), 

(2) Vulcanised indiarubber, 

(3) Vulcanised bitumen, 

(4) Bitumenised fibre, 

(5) Paper. 

For colliery work bitumen is largely used, but should have 
additional protection by being armoured with galvanised iron 
wire or steel tape. When such cables are used underground, a 




Fig. 3. 



R = Roof. 

P SB Prop set up to roof. 



L = Loop of leather. 

C = Cable slung by leather loop. 



•good coating of Stockholm tar, applied at intervals, will greatly 
prolong their life. When cables are led underground, it is 
always advisable to have them, if possible, carried along the 
intake airways, as the return air has a more injurious effect 
upon the armouring. Such cables should not be fastened to the 
props by wooden cleats, as is often done, but should be sus- 
pended by loops of tarred cloth or leather (Fig. 3). Should a 
fall of roof take place, the supporting loops give way easily, and 
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the cable is carried to the ground, thus lessening the risk of it& 
being broken or cut through. 

A good class of vulcanised indiarubber braided cable is also^ 
much in use, and gives satisfactory results in many cases. Plain 
braided cables are also used, but this form requires ample space 
and total absence of moisture, a condition of things not usually 
met with in collieries. In colliery work, the chief requirements 
of cables are mechanical strength, efficient and durable insula- 
tion, with a certain amount of flexibility, their insulation 
resistance being from 300 to 5000 megohms per mile. For 
vulcanised rubber, the 3000 megohms grade wears well, and is 
perhaps better for rough colliery work than the higher grade 
insulation where the vulcanised rubber is softer and less likely 
to wear well on that account. A good plan is to make periodic 
tests of the insulation, not that this prevents leakage, but it 
ensures its discovery before things have gone far enough to be 
serious, and has the effect of keeping the system in good condi- 
tion by enabling slight defects to be discovered and remedies 
applied at once when necessary. 

Concentric cables with their outer conductors bare, or, in some 
cases, with outer conductors protected from corrosion by braid- 
ing and tarring, are also used, and these form a class of cables 
. well suited for mining work. The inner cable being protected 
by the outer is placed beyond reach of accidental contact, while 
the outer being at earth potential can be handled without risk. 
Should the cable be damaged by a fall, the outer conductors 
would be pressed in upon the inner, thus forming a short circuit 
which would at once blow the fuse and put the whole system 
out of circuit. Thus, as far as the risk of shock to persons is 
concerned, this system affords the greatest security from danger. 

In some cases single insulated cables are used and the earth 
itself employed as the return way. This practice cannot be too 
much condemned, as the whole mine forms the return circuit, 
and water-pipes, rails, (kc, suffer from oxidation, due\ to this- 
cause, especially if the mine be a damp one. There is also the 
danger of shock to persons if any part of the insulation of the 
wire carrying the current should break down and the wire be 
accidentally touched at that part, as the person touching the 
wire would have the greater portion of the current pass through 
his body on its way to earth, and, with a high voltage or in a 
wet part of the road, this might produce serious results.* 

* Since writing these lines, the author has had brought under his notice 
a serious accident, resulting in the loss of a life, due to the use of a single 
cable with earth return. Men were employed repairing the road, the roof 
of which was supported by steel girders. During the operations one of the 



UNITS OF MEASURBMBNT, CONDUCTORS, ETC. II 

Concentric cables insulated from each other and also upon the 
outside, and of which Fig. 4 shows a section, are also used ; in 
many cases they are drawn inside a lead pipe to afford protection 
from damage. Another and a very good method of protecting 
cables underground is to lay them in semicircular wood channels > 
place these channels inside a wood box, and then run the whole 
full of pitch. This method is shown in Fig. 5, and answers well 
enough where the floor of the mine is even and not likely to be- 
much disturbed. Pitch is not a high insulator, but it affords 
protection to the insulation upon the cables by keeping out 
damp, and also prevents mechanical injury in a very efficient 
manner. 

Cables should never be exposed at any place where horses 
may have to stand while waiting for tubs, J^c, as these animals 
have a habit of nibbling anything within their reach, and might 
easily bite through ordinary insulation if they had access to the 
cables. 

Where steampipes exist in the mine great care should be- 
taken to keep the cables as far removed from them as possible, 
as leakage of steam would soon cause a breakdown of the insula- 
tion. Runaway tubs are another source of danger to cables, 
and every precaution ought to be taken when laying them to- 
prevent possible accident from this source. 

Proper junction boxes should be used for all joints, and a 
switch of the single pole type fitted on each conductor where 
joints exist. These switches should be coupled on the outside, 
and completely lined with slate to prevent any possibility of an 
arc being started. With proper precautions and attention, the 
risk incurred during the conveyance of the current along the 
mine roadways may be reduced to a minimum, and with the 
pressures usually employed (under 500 volts) should seldom, if 
ever, be the cause of serious accidents. 

In joining up cables to terminals, it should always be borne 
in mind that the outside braiding on ordinary cables is not by 
any means a good insulator, and should on that account be kept 
back from the "live metal." 

Where such a joint has to be made the braiding should be 
stripped back for about 2 inches, and the exposed rubber 

girders was taken out, and, in falling, had evidently dropped on the cable, 
at the same time damaging the insulation and baring a part of it — one end 
resting on this bare part. The deceased went forward and grasped the 
girder to draw it back, but received a severe shock and was unable to let 
go his hold. Although his fellow- workmen made an immediate attempt to- 
get him off, he remained over a minute in contact and was dead when 
released. 
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painted over with some non- 
conducting preparation, such as 
shellac varnish. 

Existing circumstances will 
largely determine the class of 
cable available, but where steel 
armouring is employed in shaft 
cables, to assist in carrying the 
weight of the cables, care should 
be taken to see that locked or 
wedged armouring is used, or 
two layers of steel wires spirally 
wound in opposite directions may 
be used with equally good re- 
sults. 

When bare cables run above 
ground high-pressure charges 
may be developed in them during 
a thunderstorm by a discharge 
of lightning into the system. 
Such a discharge would affect 
instruments or machinery upon 
the circuit, and to prevent 
damage from this source the 
line must be provided with a 
lightning arrester. These in- 
struments are of various types, 
that known as the brush being 
very suitable for open lines about 




<S) 



<S) 




Fig. 4. — Section of Concentric Cable. 



Fig. 5. — Wood Box for Carrying 
Cables. 
W T = Grooved wood trough. 
C C = Insulated cables. 
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collieries. Fig. 6 shows the construction of this appliance. 
The terminal Tj is connected to one of the mains, the other 
terminal Tg is connected to earth. The current flows through 
the solenoids S S, and from thence to a pivoted arm. A, which 
ends in a point, from there across a small gap to a carbon stud 
through the terminal Tg, ^.nd then to earth. 




Fig. 6. — Lightning Arrester. 

When a lightning discharge occurs it sparks across the gap. 
If the current in the main follows and sets up an arc across the 
gap, the current passing through the solenoids is strong enough 
to draw down the plungers, P P, and so break the arc, the arm 
falling back to its normal position by gravity. A set screw, M, 




Fig. 7. — Method of Fixing Instruments on Circuit. 
D = Dynamo. | V = Voltmeter connected in shunt. 



M = Motor. 



A = Ammeter connected in series. 



is fitted so as to vary the width of gap at will. Arresters should 
be connected to each main. 

In measuring the current the measuring instruments are 
usually fitted upon a slate base, which also carries the main 
switches connected with the installation, the arrangement of 



14 ELECTRICAL PRACTICE IN COLLIERIES. 

switches will depend wholly on the number and conditions of 
the branch circuits to be fed, but the voltmeter and the ammeter 
will have to be connected up to the mains so as to obtain correct 
readings. 

To effect this the instruments are arranged as shown in 
Fig. 7, the voltmeter being connected to a shunt bridging the 
two ends of the mains close to the dynamo, and thus obtaining 
the difference of pressure between the two ends of the circuit. 
The ammeter (Fig. 8) is connected in series to one of the mains 
so that the whole of the current generated passes through it, 
thus giving a reading of the amount of current flowing. Simul- 
taneous readings of the two instruments will give the rate of 
expenditure of energy in the circuit, the product of the two 
being watts, as already explained. 

The voltmeter (Fig. 9) is an instrument of extremely high 
resistance, and is connected up to the two points whose differ- 
ence of potential has to be measured. Its resistance should be* 
such that when connected to the circuit the total resistance of 
the circuit should not be decreased, to any appreciable extent, 
by the connection of the various cables. The instruments should 
all be mounted upon an enamelled slate or marble base. This 
base should where possible be fixed out from the wall a sufficient 
distance to allow easy access to the connections at the back. 
When a switchboard is set up underground, care should be 
taken to have it thoroughly insulated, and protected from the 
fine coal dust which is present in the atmosphere of most mines. 

Too much stress cannot be laid upon keeping a switchboard 
free from coal dust as the fine particles form a fairly good con- 
ductor for the current, and may readily cause the formation of 
an arc between contacts or otherwise. 

Another important instrument in addition to the ammeter 
and voltmeter is an ohm meter arranged to give the insulation 
resistance between each pole and the earth direct. It should 
be fitted in all cases where the power has to be conveyed 
through long lengths of cable. Such an instrument is shown in 
Fig. 10. 

With such an instrument, connected up as shown in Fig. 11, 
the direct reading of the insulation resistance of either main can 
be obtained according as the switch is turned to the positive or 
negative block. 

A book can be kept and the insulation resistance noted from 
time to time, and entered up. This will secure the prompt 
detection of any leakage that may occur. 

Should the demand for current fluctuate greatly, as in the 
<jase of a generating plant supplying current to several coal- 
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Fig. 8. — Ammeter. 




Fig. 9.— Stanley Voltmeter. 
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Fig. 10. — Ohmmeter for Switchboard. 
M 



a) a) 



(i:)(L)(L) 



M 




Fig. 11. — Connections of Ohmmeter. 

= Ohmmeter. I L = Lamps in parallel. 

M M = Mains. E = Earth wire. 
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cutting machines, then dead-beat voltmeters and ammeters 
would be the best instruments to use. 

A very suitable instrument is that known as the Stanley 
D'Arsonval moving coil voltmeter or amperemeter, some of the 
advantages of which are as follows : — 

1. Accuracy greater than can be obtained with electro- 
magnetic instruments. 

2. Voltmeters are of very high resistance, absorb a very 
small amount of energy, and do not heat. 

3. There is no hysteresis error either with voltmeters or 
ammeters — that is to say, the instrument will read the same 
with a given current or voltage whether that value is approached 
by rising or falling. 

4. Both ammeters and voltmeters are dead beat. 

5. Heavy leads need not be run up the back of the board to 
the ammeters as they do not carry the main current ; the shunts 
can be connected in circuit where convenient and comparatively 
thin wires led to the instruments. 

The Kelvin electrostatic instruments are also well suited for 
conditions such ae obtain in mines, being extremely accurate 
and constant. It is not often, however, that colliery require- 
ments render the use of such high-class instruments necessary. 

The fixing of shaft cables is one of the most important points 
connected with the installation of a colliery, as the usual condi- 
tions existing in the shaft are not in favour of cables. In the 
first place, the shaft is likely to be more or less wet, and, in the 
second, there is the chance of damage being done by small 
pieces of coal falling off the tubs during winding. Further, 
should the shaft be an upcast one, the nature of the return air 
and the effects it will produce on certain classes of cables must 
be considered. Many different methods of overcoming these 
drawbacks have been adopted, and various classes of cables have 
been used with varying results. Some engineers recommend 
the use of wood casing all through the shaft, others the employ- 
ment of lead-covered cables ; both measures are costly, and the 
latter has the further drawback of possessing a pronounced 
tendency to creep. Cables covered over with pure rubber have 
also been used, but do not last any length of time, chiefly on 
account of the soft nature of the insulation. The cable most in 
use, and giving good results, is that insulated with vulcanised 
indiarubber, of not too high grade, and braided on top. The 
high grades of vulcanised rubber are rather soft for the purpose, 
and a good thickness of the medium grade, which is piuch 
harder, answers the purpose very well. 

In some cases the rubber core is covered with a preservative 

2 
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compound, wound with jute yam and then sheathed with gal- 
vanised iron or steel wire, and finally coated with prepared jute. 
This class of cable is largely used, and gives good results, even 
in cases where a considerable amount of water is falling in the 
shaft. 

The cables should always be placed as much out of the water 

and the way of anything 
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falling as possible, and should 
be suspended from as few 
places as is consistent with 
the requirements of the case. 
One form of cleat for sus- 
pending shaft cables is shown 
in Fig, 12, where B is a block 
of red pine about 7 inches 
wide X 3 inches thick, and 
of a length equal to that 
between buntons; PP are 
two iron plates f inch thick 
by 2 J inches broad, which 
clamp down a cover, C, ot 
red pine of the same width 
and thickness as B, but only 
3 feet in length ; the blocks 
are pierced by longitudinal 
grooves suitable for the size 
of cable to be employed. In 
fixing the cables the part un- 
derneath the clamp should 
be rolled with brattice cloth, 
or, better still, with old 
pieces of indiarubber hose, 
if such are to be had. 

Shaft cables are some- 
times run in iron piping, 
which is clamped to the 
brick or wood lining of the 
shaft. Where this is done, 
boxes are put in at inter- 
vals, each box containing a 

clamp which is used for suspending the cable. The boxes are 

fitted with a watertight lid which excludes all wet. Such a box 

is shown in Fig. 13, with the lid removed. 

Another very neat and effective method of suspending the 

cables is adopted at Acton Hall, and is the design of Mr. Roslyn 
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ELEVATION 

Fig. 12.— Shaft Cleat. 

B = Wood block. | C = Wood cover. 
P P = Insulated clamping plates. 
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Holiday, the engineer. The conductors used are 19/12 hard- 
drawn copper wire, braided on top so as to avoid shock by 
accidental contact, and are suspended from top to bottom. A 
beam, B (Fig. 14), projects into the shaft and supports a specially 
made insulator, I, by means of an eyebolt, which carries an iron 
clamp by which the cables are supported. The cables being 
ouly braided renders the use of an insulator compulsory. 

The conditions are favourable for this particular method, as 
there is ample clearance in the shaft and no water to speak of. 
Mr. Holiday states that the method has given every satisfaction 




Fig. 13.— Support Box. 
B =jBox. I C x: Cable clamp. 

since its adoption, but, as a safeguard, the cables are tested for 
leakage each week end. 

Any of the methods of suspension described above are quite 
suitable for use with concentric cables as well as with ordinary 
ones. Whichever form be used, the main considerations must 
be safety and freedom from breakdown, and, with these in view, 
the cable which carries its own mechanical protection and which 
is watertight is the best suited for the requirements of collieries, 
although, as shown by the last case quoted, special methods may 
be adopted to suit certain conditions, and, under those condi- 
tions, give the very best results. 
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Fig. 14. — Shaft Cable Suspenders. 

I = Insulator. I B = Wood beam. I O — Oil. 

C = Cables. | C C = Cable clamp. | R = Indiarubber.. 
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QUESTIONS. 

1. It is desired to send a current of 100 amperes through a cable whose 
total resistance is 5 ohms. Find the pressure of the current. — Ana. 600 
▼olts. . 

2. A current of 50 amperes passes through a circuit ; the pressure is 210 
volts. What is the resistance of the circuit ? — Ana. 4 '2 ohms. 

3. A current of 100 amperes at 420 volts pressure is supplied to a motor. 
Neglecting friction, &c., what is the H.P. of the motor? — Ana. 56*3 H.P. 

4. The output of a dynamo is 100 kilowatts, what is this expressed as 
H.P.?— ^7w. 134 H. P. 

5. Using the resistance given in the table, find the fall in voltage when 
a current of 29 amperes flows along a 7/15 cable one mile in length. — Ana. 
43-4 volts. 

6. A dynamo has an output of 100 amperes at an E.M.F. of 100 volts. 
If the efficiency of the dynamo is only 85 per cent., what B.H.P. must be 
applied to the driving pulley? — Ana. 15*7 B.H.P. 

7. A 19/14 cable one mile long carries a current of 90 amperes. What 
is the loss in watts? — Ana. 3618*27 watts. 

8. If the cable in question 7 has its length increased from 1 to 1} miles, 
(c) What is now the total loss in watts? (6) What is the increase of loss 
in watts?— ^rw. (a) 5427-405, (5) 1809-135 watts. 

9. A circuit, having a total current of 100 amperes passing, is divided 
into two branches, A and B. The resistance of A is 10 ohms and the 
resistance of B is 20 ohms. What number of amperes will pass in A and B 
respectively? and what will be the total resistance? — Ana. 66 f amperes in 
A, 33^ amperes in B ; total resistance, 6*6 ohms. 

10. A circuit carrying a total current of 74 amperes is divided into three 
branches. A, B, and C. The resistance in A is 8 ohms, in B 10 ohms, and 
in C 12 ohms. Find the quantity each branch will take, and the total 
resistance of the whole. — Ana. A takes 30 amperes, B takes 24 amperes, 
and C takes 20 amperes ; total resistance is 3*243 ohms. 
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CHAPTER II. 

THE THEORY OF THE DYNAMO. 

Before commencing to describe the dynamo, it will be necessary 
to consider some of the elementary principles underlying its 
design and construction. 

A magnet is a piece of steel or iron which has been endowed 
with polarity, and thus rendered capable of attracting other 
magnetisable bodies, and which, when freely suspended, assumes 
a direction parallel to that of the lines of force which traverse 
the earth's surface from the north and south magnetic poles. 




Fig. 15. — Direction of Magnetic Force round Magnet. 

The ends of a magnet are also termed poles, the one which 
points to the north being called the north, + , or positive pole, 
and the one which points to the south the south, - , or negative 
pole. 

The distribution of the magnetic lines of force which surround 
magnets can easily be determined by means of a small magnetic 
needle (Fig, 15), or by the positions assumed round the poles of 
the magnet by iron filings, the area of action of the force being 
called the magnetic field. 

The magnetic force has "point of application," *« direction," 
and "amount or intensity," just as a mechanical force has, but 
only the two last named require further explanation when 
dealing with the dynamo. 
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Faraday regarded a magnet as a substance through which 
lines of force are passing, the lines being considered as entering 
at the south pole, and leaving at the north pole. The strength 
of the magnet is directly proportional to the number of lines of 
force which pass through it. This theory, while crude and 
unsatisfactory, ^ill nevertheless serve to convey a concrete idea 
respecting magnetic force, which will serve its purpose in the 
discussion of the principles involved. 

The lines of force of an ordinary horse-shoe magnet may be 
examined by placing a piece of cardboard over the poles and 
sprinkling some iron filings upon it. As the filings fall upon 
the card they arrange themselves in symmetrically curved lines 
between the poles of the magnet. Gentle tapping of the card 
may be necessary to obtain the best effects (Fig. 16). If a 




Fig. 16. — Lines of Force shown by Iron Filings round Poles of a Magnet. 

permanent record is desired, a piece of blotting-paper which 
has previously been soaked in paraffin wax may be used in 
place of the card. Gentle heating with a spirit lamp after the 
tilings have been put on, causes them to sink into the softened 
wax, on withdrawal of the heat the wax again solidifies and 
retains the iron filings in position. 

Since the strength of the field is measured by the number of 
lines of force passing through unit area at that particular place, 
an examination of Fig. 16 will show that the strength is greatest 
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just betwecD the poles. An accurate knowledge of the number 
of lines of force passing through a given substance is essential 
to dynamo design, but the subject need not be entered into here. 
Although the nature of the electric current is unknown, the 
magnetic effect that it produces in its immediate surroundings is 

II 




Fig. 17. — Lines of Force round a Wire carrying Current. 

well known. Should a current be passed through a wire it 
generates lines of force in the surrounding space (Fig. 17). 
The lines form concentric circles round the wire, the magnetic 
effect decreasing with the distance, yet still, in many cases, 
extending some length. 




Fig. 18. — Magnet Field within a Solenoid. 

r Should the wire carrying the current be wound in a spiral 
coil, the arrangement is known as a solenoid. The distribution 
of the lines of force of such a system is shown in the accompany- 
ing diagram (Fig. 18). 
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Like a magnet a solenoid has north and south poles, but 
unlike a magnet its strength depends on the current passing 
through its coils. The magnetic eflfect of a solenoid is propor- 
tional to the current flowing through the wire, and also to the 
numberof turns of wire forming the coil. For example, 1 ampere 
flowing through 100 turns of wire gives the same magnetic eflfect 
as 2 amperes flowing through 50 turns, or as 100 amperes flowing 
through 1 turn. 

The product of the current in amperes, and the number of 
turns of wire in the coil, gives what is called the ampere turns 
of the solenoid. 

The magnetic effect produced by a solenoid depends upon the 
ampere turns of the solenoid, and the polarity of the solenoid 
depends on the direction of the current through its coils, the 
poles changing upon reversal of the current. 





Right hand above conductor. 
N^dle below the conductor. 

Fig. 19. — Jamieson's Rule. 



Right hand below the conductor. 
Needle above the conductor. 



It is often of great practical importance in the coupling up of 
the field magnet coils of a dynamo, to be able to ascertain their 
polarity; to do this Professor Jamieson gives a very easily 
remembered rule, which is as follows : — 

1. Move the conductor (if possible) into the magnetic meri- 
dian. 

2. Place a freely suspended compass needle below or above 
the wire. The current will deflect the north-pointing end of 
the needle to the left or to the right. 

3. Place the right hand, as it were, in the wire with the 
palm next to the needle so that the outstretched thumb coincides 
with the deflected north-pointing pole of the needle (Fig. 19). 
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Then the current flows along the wire in the direction indicated 
by the arrows to the negative ( - ) pole of the dynamo or source^ 
ot current. 

A soft iron bar inserted between the coils during the passage 
of the current through the solenoid immediately becomes strongly 
magnetised, the amount of magnetism thus induced depending^ 
on the ampere turns of the solenoid, as already stated. The 
increase of strength of the magnetic field is due to the fact that 
iron is a much better conductor than air, and consequently a 
larger number of lines of force pass through the iron than pre- 
viously passed through the air gap between the coils, this 
increase continue^, as the current increases, up to a certain limit,, 
beyond which no further increase of lines of force is obtainable. 
The iron core, when this point is reached, is spoken of as being 
in a state of magnetic saturation. The coil of wire with the^ 
iron core constitutes an electro magnet. 

This form of magnet is used to make the field magnets of the 
dynamo. The magnetism induced in the iron core continues so- 
long as the current flows through the wire, on the stoppage of 
the current the magnetism of the core dies away, with the excep- 
tion of a small residual effect, which depends on the quality of 
the iron. Even this small amount is, however, sufficient to 
make the machine self-exciting, and is known as the residual 
magnetism in the core or pole pieces. 

As already shown, the flow of an electric current generates 
lines of force, and the converse is also true — namely, it lines of 
force are set up round a wire a current of electricity is pro- 
duced in the wire. If a loop of wire be taken, and both ends 
connected up to a galvanometer, motion of the loop in the field 
of a magnet produces a current, which is shown by the deflection 
of the needle of the galvanometer. The current flows through 
the loop in one direction when the wire is moved towards the 
maguet, and in the other as it is drawn away. The same effect 
would be obtained by moving the magnet, and keeping the loop 
of wire stationary. It is important to note that the motion of 
the loop must not be in the same plane as the lines of force, but 
must cut through them, otherwise no current is generated. The 
passage of the loop through the lines of force does not of itself 
cause a current, but the change in the number of lines of force 
passed through does, and the strength of the current thus pro- 
duced is proportional to the rate of change. 

Fig. 20 may lead to a better understanding of this principle. 
The N and S poles of a magnet are here shown, with the loop 
of wire placed between them, in such a position that it is 
capable of revolving. The ends of the coil are connected up to- 
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two half sleeves of metal, these sleeves are pressed on by two 
metal strips which are fixed in position and connected to the 
wire which forms what is called the outside circuit. The motion 
of the coil towards, and away from the poles, produces currents 
which change their direction during each revolution, starting at 
zero and increasing to a maximum as the coil approaches a pole,^ 
and decreasing from a maximum to zero as the coil recedes. 
The currents pass through the loop to the two metal half sleeves, 
from the half sleeves to the brushes, and thence round the out- 
side circuit. The current, although alternating in the loop, is 
continuous in the outside circuit, because at the moment the 
current in the loop changes in direction, the half sleeves inter- 
change brushes, each brush thus receiving its current always in 
the same direction. This arrangement of half sleeves is called 




Fig. 20. 



B B = Brushes. 
C = Commutator. 



MM = 
E C = External circuit. 



L L = Loop of wire. 

a commutator, and is a necessary part of all continuous current 
machines. 

The effect of this commutation is shown in Fig. 21, the base 
line AB being the angle turned through in one revolution, 
while the heavier curved line shows the fluctuation of the 
E.M.F. 

To reduce the fluctuation several coils of wire are used in 
practice, the ends of each coil being connected up to copper bars, 
each bar being insulated from the other. This gives a machine 
of what is known as the open coil type. Such machines are 
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not well suited for ordinary work, and are seldom used about 
collieries. Instead of joining up the coils of wire, as in the 
above, all the coils should be connected together and the junction 
of each adjacent pair connected up to a bar on the commutator, 
80 that the whole of the wire forms a complete electrical circuit, 
independent of any connection which may be made by means of 
the brushes to the external circuit. In such an arrangement 
we have what is known as a closed coil armature. 

In the open coil armature the current is collected from a coil 
when that coil is in the position of maximum activity, the coil 
being thrown out of circuit after this position is passed, another 
coil coming forward to take up* this position and in its turn 
furnish its share of the current thus generated. 




90^ ISO^ 270' 36&' 

Fig. 21.— Curve of E.M.F. 

In the closed coil armature the current generated in every 
position, except at the moment it is short circuited by the brushes, 
forms part of the total, and finds its way through the external 
circuit. This class of armature is much better adapted to 
ordinary requirements than the open coil type ; and closed coil 
machines are those we find in general use. 

In practice the coils or loops of wire are wound upon an iron 
drum, which from the mechanical point of view gives greater 
strength and efficiency, and at the same time enormously increases 
the lines of force passing between the poles of the magnet by 
substituting iron for air. These loops of wire, together with 
their iron core, are known as the armature of the dynamo. 

As already pointed out, the flow of a current round an iron 
<jore produces magnetic effects in the iron, and we see that from 
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this cause the armature core will have N and S poles developed. 
Thus we have two opposite magnetic effects both going on at 
the same time, the magnetic flux of the fields, which produces 
the E.M.F.; and that produced by the magnetisation of the- 




Fig. 22. — Lines of Force distorted by Cross Magnetism. 

armatv/re core^ which has a wasteful effect and tends to distort 

the natural field ; this distortion of the field is shown in Fig. 22, 

When the current leaves and returns to the armature by 

means of two brushes which rest on the commutator, they are 




Fig. 23.— Angle of Lead. 

diametrically opposite to each other, and if no distortion of the 
magnetic field occurred, would rest in a vertical position. But 
in order to prevent sparking it is necessary to make the brushes 
rest at right angles to the mean direction of the field. The 
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angle between the direction of commutation and the vertical 
is called the angle of lead (Fig. 23). 

Other sources of loss are eddy currents and hysteresis, the first 
being due to the fact that iron is a conductor, and if a solid 
armature be used, large curients of low potential are generated 
in it, by rotation in the magnetic field. These currents, often 
called Focault currents (after their discoverer), would cause 
undue heating of the armature, and to prevent this armatures 
are, in practice, usually built up of thin plates of soft iron insu- 




Fig. 24. — Continuous Current Dynamo. 



lated from each other, by varnishing or inserting thin paper 
between the plates or laminations, as they are called. 

Hysteresis is due to the rapid reversal of the direction of 
magnetism in the iron core, and may fitly be termed magnetic 
friction. As the poles of the armature change as the armature 
rotates, hysteresis is set up, but in practice its effect is reduced 
to a minimum by using suitable iron in the armature. 

As already noticed the brushes change from one section of the 
commutator to another at the moment the current reverses, and 
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since the circuit possesses self-induction it is impossible to start 
or stop the current instantaneously. This condition of matters 
would cause serious sparking at the commutator if allowed to 
exist. It is, however, prevented by making the brush thick 
enough to bridge over two or more commutator sections. This 
-causes a momentary short circuit in the coil as it passes the 
brush, and allows the current time to expend itself gradually 
before one is set up in the reverse direction. Not only does this 
allow the current to die out, but the coil is allowed to travel far 
enough into the opposite field, to allow some E.M.F. of opposite 
sign to be generated, so that no trouble in starting the reverse 
■current in the coil is experienced. 




Fig. 26. — Series Winding. 




Fig. 26.— Shunt Winding. 



The machine described is known as a continaoas cnrrent 
dynamo, of which Fig. 24 gives a general idea. 

Continuous current machines are of three classes, and are 
<2lassified according to the method of winding the field magnets, 
■as — 

(a) Series wound machines. 
(6) Shunt wound machines. 
(c) Compound wound machines. 

{a) In 8erie8 vnnding the arrangement of coils provides for the 
whole of the current flowing from the + brush through the 
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windings of the field magnets, then through the external circuit 
and back to the negative brush. This form of winding is suited 
for arc lighting, or for conditions that require a constant current. 
The wire used in winding the field magnets is of large diameter 
and low resistance. Thus a comparatively small number of 
turns upon the field magnets produce the complete magnetisation 
of the field. Fig. 25 is a diagrammatic representation of this form 
of winding. 

(6) In shunt winding two paths are open to the current. As 
it leaves the + brush the current divides, one part flowing 
through the coils of the field magnets, the other part flowing 
through the external circuit. Both join at the - brush before 




Fig. 27. — Compound Winding. 

their return to the armature. This form of winding is suited to 
conditions where a constant E.M.F. has to be provided under 
varying conditions in the external circuit. The wire used in 
winding the fields is of small diameter, and consequently of 
comparatively high resistance. A large number of turns is 
wound upon the fields. Fig. 26 is a diagram which represents 
this form of winding. 

(c) Compound winding, as the name implies, is a combination 
of both shunt and series winding already described. This com- 
bination enables the dynamo to give a constant E.M.F. within a 
very wide range of working. The shunt coils consist of many 
turns of thin wire, and are overlain by the series coils which 
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consist of a few turns of thick wire, both being coupled up, as 
shown in Fig. 27. In this diagram the shunt coils are shown by 
a thin line, while the series coils are shown by a heavy line. 

Another class of compound winding consists in having an 
increased number of series coils, as compared with the ordinary 
compound winding. This increase of the series coils causes the 
voltage to rise, should the load upon the machine be increased. 
This arrangement makes up for any loss of pressure that may 
take place in the circuit. Such a machine is said to be over- 
compounded. In cases where it is necessary to vary the degree 
of over-compounding the series coils may be provided with 
resistances, so placed that the current passing through the coils 
can be regulated. This of necessity allows for the regulation 
of the E.M.F. given out by the machine. 

If, in place of the commutator, two insulated rings are placed 
on the armature shaft, one end of the armature coils attached to 




Fig. 28. — Coil and Poles of Siemens Alternator 

one ring and the other end to the other ring, a current is 
obtained which changes its direction twice during each revolu- 
tion of the armature. Such a current is known as an alternating 
current, and machines built for the supply of currents of this 
type are known as alternators. 

In practice these machines are made of various types, but so 
far they have been little used about collieries. A short descrip- 
tion of the Siemens machine, which is typical of this class, will, 
however, be given, as polyphase currents are being adopted for 
mining work, and are generated upon the same principle as 
alternating currents. 3 
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If two poles, N and S (Fig. 28), which are north and south 
poles, have lines of force passing between them, and a coil of 
wire be moved into the position marked C on diagram, a current 
will be induced in the coil, and will flow in the direction marked 
by the arrow so long as the cutting lines of force are on the 
increase, but immediately the coil passes the position where 
those lines are a maximum, and enters a weaker part of the 
field, the current is reversed. 




Fig. 29. — Three-phase Current Generator. 

In the Siemens alternating current dynamo a number of such 
poles are fixed on two vertical cast-iron rings, the whole being 
secured to a suitable bed plate. The poles are excited by a 
small continuous current machine, which is driven from the 
alternator. The field magnets are arranged alternately north 
and south, so that the current in an armature coil changes its 
direction as often during each revolution as there are pairs of 
field magnets. The armature has as many coils symmetrically 
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arranged as there are pairs of £eld magnets. Two insulated 
rings, which are fixed on the shaft, collect the currents which 
are generated in the different coils. 

An inspection of the armature would show that only a portion 
of it is occupied by the coils, and that they are spaced at equal 
•distances apart. Should a second set of coils, similar to the 
first, but not connected to them, be wound in the spaces between 
the first set, rotation of the armature will now produce two set 
of currents, the one leading the other by half a period. In the 
same way if three sets of independent coils equally spaced are 
wound upon the armature, three currents would be obtained 
when the armature was rotated, each reaching its maximum 
one- third of a period in front of the other. Such machines 
furnislj what is now known as polyphase or multiphase currents. 




Fig. 30. — Section of Three-phase Generator. 

The currents thus furnished pass through a regular series of 
changes, both in magnitude and direction, the time in which 
this cycle of changes is completed being termed the period, and 
the number of cycles completed per second is termed frequency. 

The frequencies adopted in practice vary with different firms, 
but for purposes of power transmission are often fixed at 25 and 
40 cycles per second and in some cases even higher. 

In practice various types of generators are in use ; some (as in 
the Siemens machine described) have a stationary field magnet 
with rotating armature, others have the magnets rotating and 
the armature stationary, while a third class have both the field 
magnets and armature stationary, the induction being varied by 
the rotatioH of suitable masses of iron called inductors. 

A machine of the latter class is shown in Fig. 29, the absence 
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of any windings on the rotating parts allow of high mechanical 
strength being obtained, and does away with the necessity of 
brushes or collectors of any description. A section of one of 
these machines is shown in Fig. 30. The exciting coil, X, is- 
supported from the body of the machine, and is fed by the small 
direct current dynamo, D, which is coupled by an extension of 
the armature shaft, a flow of magnetic force being induced, as 
indicated by the arrows. The armature cores, A A, are built 
up of laminated iron plates to form complete cylinders, and the 
armature conductors are placed in tunnels left in the cores near 
the inner circumference. The other half of the magnetic circuit 
consists of a series of laminated projections, K K, bolted and 
dovetailed into the revolving centre, B, laminated blocks or 
keepers being placed at intervals round each end of this revolving 
centre. 

The resistance to the flow of magnetic lines is thus a constant 
for every position of the revolving keepers. The only difference 
made, as this part revolves, is in the position at which the 
current leaves the armature core, A. This core is provided with 
8 sets of bars for each phase. The conductors of one phase are 
equally spaced at intervals round the inner circumference of the 
core. A, and the action will be more easily understood if one 
phase be considered by itself. When the keepers, K K, are 
directly opposite these coils the whole of the current passes 
through them, giving the zero point of the E.M.F. 

As the machine revolves the keepers withdraw the current 
from the coils until they have moved, so as to be equally spaced 
between two coils. In this way an alternating E.M.F. is 
obtained without either of the copper circuits revolving. The 
three-phase windings are spaced round the armature, so as ta 
have E.M.F.'s generated in them varying in phase of 120**. 
The armature bars of each phase, after being connected in series, 
have one free end connected to a common terminal, and the 
other connected to one of the three terminals of the machine. 
This gives what is known as the star method of connection, 
which will be dealt with more fully later when considering the 
cables connecting the generator with the motor. 
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CHAPTER III. 

THE DYNAMO. 

A DYNAMO is a machine for converting mechanical energy into 
electrical energy. As shown in the last chapter, dynamos are of 
two main classes : — (1) Those that furnish a continuous current, 
and (2) alternating current machines. The former is the class 
of machine in general use about collieries, and will be described 
first. 

Continnons Current Dynamos. — As has been already stated 
the continuous current dynamo consists of the field magnets, 




Fig. 31. 
N = North pole piece. 



—Salient Pole Type. 

I S = South pole piece. 

Y = Yoke. 



armature, and commutator, the functions of each of which have 
already been dealt with. Although practically similar in 
principle, the details of the machines now on the market vary 
with different makers, each having their own particular design. 
As a rule, the armatures do not differ from one another to any 
great extent, but the field magnets assume various forms, 
although they may be divided into two main classes — viz., those 
with " salient" poles, and those with " consequent" poles. The 
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term " salient " is employed when the poles are produced at the 
ends of a bar of iron. Should, however, the poles be produced 
in a continuous ring of iron the term "consequent" poles i» 
employed. 

In practice the salient pole type is the one most frequently 
met with, owing to its greater simplicity of construction. Fig. 
31 shows, diagrammatically, a common form in which the 
magnetising coil is wound upon the yoke, which is usually of 
wrought iron, let into and bolted to the pole pieces. The latter 




Fig. 32. — Dynamo Salient Pole Type. 

are supported from the bed-plate by two strong gun-metal 
brackets, in order to magnetically insulate them, as far as 
possible, from the bed- plate. Fig. 32 gives a representation of 
such a machine. 

Another very common form is that known as the ** undertype," 
and is extensively used in large machines, as freedom from 
vibration and stability is secured by the centre of gravity of the 
revolving armature being placed low. Fig. 33 is a diagram 
showing this form. The field magnets are usually made of 
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rectangular slabs of wrought iron, bolted together at the top|}to 
a wrought-iron yoke, the whole being supported from the cast- 

j5tL — -rS- 




Fig. 33.— Salient Pole Type. 

N S = North and south poles. | F F = Brass footsteps. 

Y = Yoke. 

iron bed-plate by means of brass or gun-metal footsteps, so as to 
secure magnetic insulation. 




Fig. 34. — Consequent Pole Type. 
N = North pole. | S = South pole. 
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The " Manchester" type of machine may be taken as illustrating 
a common form of " consequent " pole dynamo. Fig. 34 shows 
diagram matically the winding system adopted in the above 
form. So iar all the machines dealt with have been bipolar, but 
multipolar machines are now being used to a considerable extent, 
as, for a given output, they are more compact and lighter than 
bipolar dynamos. They may be either salient or consequent 
pole machines, but by far the greater number of this class belong 
to the consequent pole type. 

The number of poles may be four, six, eight, or more, the 
windings being arranged so as to produce a north and south pole 
alternately. Fig. 35 shows a diagram of the winding of a six- 




Fig. 35. — Consequent Pole Type. 
N = North Pole. | S = South Pole. 

pole dynamo. It is usual to have the ring which carries the 
pole pieces made in two parts, so that the top part can be 
readily removed to allow access to the armature. 

The windings of the field magnets are, as a rule, carried by 
bobbins, which are made to slip down over the pole piece. This 
makes the winding an easier matter, and also aids their remoyal 
from the pole piece should this become necessary. The wire 
used is generally of solid copper, well insulated, the size depend- 
ing on the design and output of the machine. In shunt-wound 
machines the wire used is very thin, and is rather liable to be 
broken where it leaves the coils. To prevent this it is often 
soldered to a stronger wire, the joint being so placed that it will 
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be protected by the flanges of the bobbin, and the coupling-up 
being effected by means of the stronger wire. 

In coupling-up field magnet coils it is necessary to arrange the 
connections, so that the flow of current will produce the required 
polarity in the respective pole pieces. This is easily done by 
the aid of Professor Jamieson*s rule, already given on p. 26. 
The diagrams shown in Figs. 25, 26, and 27 will also be useful 
in this respect. 

Armatnres. — Armatures may be divided into two classes — 
namely, ring armatures and dram armatures. For power trans- 
mission the drum armature has the great advantage of being 




Fig. 36. — Complete Core of Drum Armature. 

much stronger mechanically, and for that reason is the one in 
more general use, although the ring type is still preferred by 
some electricians. 

In the ring or gramme armature, as it is often called, a 
laminated charcoal-iron ring is supported from the armature 
shaft by means of spiders, and on this ring is wound a number 
of coils of insulated copper wire, so as to cover the whole surface 
of the ring. The ends of each coil are connected to the one 
adjacent, and also to the commutator, thus forming a continuous 
spiral all round the iron ring, and having each point of junction 
of the various coils connected to a commutator bar. 
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In the drum armature the core is built up solid, with thin 
plates of Swedish charcoal-iron, insulated from each other by 
thin paper or Japan varnish, and clamped firmly together between 
strong end plates of gun-metal or cast iron. Fig. 36 shows the 
core of a drum armature. The surface of the armature is slotted 
in a direction parallel to the axis, and the insulated armature 
windings are laid into these slots. In all modern machines 
these windings are so arranged that each individual coil is 
entirely separate from the remainder, so that if repairs are 
required any single coil can be taken out without interfering 




Fig. 37. — Formed Coils ready for putting on. 



with more than a few of the others. This is effected by winding 
each coil upon a former. This is practically a pattern — i.e., an 
appliance of such a shape that the coils wound upon it take the 
necessary shape for their symmetrical arrangement on the arma-r 
ture core previous to putting it into position on the armature. 
Such coils after being bent into shape are taped and varnished 
previous to being put into position. Fig. 37 shows three of 
those coils ready for fixing on the armature; while Fig. 3& 
shows an armature which is being wound in this way partly 



THE DYNAMO. 



4a 



completed. The projecting ends of the armature windings are 
connected into copper strips, which project from the commu- 
tator bars by sweating. The removal of a damaged section is 
thus rendered easy. 




Fig. 38. — " Former " Winding being put on. 

Commntators. — The commutator is built of the required 
number of sections, which should be of hard-drawn copper, each 
section being insulated from the other by thin sheets of mica, 
arid the whole being held in position on a gun-metal sleeve 




Fig. 39. — Commutator and Connecting Lugs. 

by means of wedge-shaped circular rings at each end. |A 

commutator, with its connecting lugs, is shown in Fig. 39. ? > 

In placing the formed coils into the slots, mica or " presspahn '^ 

insulation is also employed, and after the whole of the coils 
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have been placed in position they are firmly secured in their 
places by means of binding wires, which gives the armature a 
very compact and practically solid structure. A. completed 
armature of the drum type is shown in Fig. 40. 

The binding wires used should be of steel possessing a high 
tensile strength, and should be wound under tension upon 
bands of fibre or mica, and soldered together with ties at 
frequent intervals, as they have to stand considerable pull, due 
to the drag of the magnetic field upon the periphery of the 
armature, as well as the straining due to centrifugal force, which,, 
in high-speed machines, may be of considerable magnitude. 

The brushes for collecting the current vary in number accord- 
ing to the number of poles on the machine, one set of brushes- 
being required for each pair of poles. Their function is to collect 
the current from the commutator. Brushes may be of wire 
gauze, folded and compressed, or small blocks of carbon, coated 
with copper. The brushes are attached to a brush rocker, which 
allows of their position being varied, and they are made to bear 
upon, and make sliding contact with, the commutator by means, 
of springs. Carbon brushes are much to be preferred, as they 
do not wear the commutator to the same extent as gauze ones, 
and are not nearly so bad for sparking. 

The bearings which support the armature are a very important 
part of the machine, and should be of the self-oiling type, with 
loose rings revolving on the spindle, and dipping into an oil- 
well formed in the pedestal. Such bearings will run cool for a 
long time without attention. The length of the bearing surface 
is also of great importance, and should never be less than two- 
and a-half times the diameter of the shaft for each bearing. 
With small machines two bearings, with the driving pulley 
overhung, will serve the purpose, but in large machines the bed 
plate should be extended to carry a third bearing, which is fitted 
upon the outside of the driving pulley. 

Where dynamos are not direct coupled, they are driven either 
by cotton ropes or belts. The most common method is by means 
of belting. Raw-hide belting is the best for this class of work, 
but several of the cotton and guttapercha belts now on the 
market give very satisfactory results. In large machines where 
the speed is low, light double or link belting may be used where 
single belting would not transmit the requisite power. The 
joint of the belt should always be spliced flush, cemented, and 
sewn, as this prevents fluctuation of the speed when the joint 
passes over the driving pulley. The pulleys should always be 
of sufficient size and width to give ample gripping surface for 
the belt, otherwise there will be excessive slip. 
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The following table will be useful in determining the size of 
belt to transmit a given horse-power : — 





H.P. per Inch Width of Effective Gripping Surface. 


Speed of Belt in 








Feet per Minute. 


Single Leather. 


Double Leather. 
Light. 


i-Inch f-Inch 
Leather Link. Leather link. 


500 


•75 


1 


•75 


•90 


600 


•90 


1-25 


•9 


1 


700 


1 


1-5 


1 


1-25 


800 


1-2 


1-75 


1-2 


1-4 


900 


1-4 


1-9 


1-35 


1-6 


1000 


1-5 


2-2 


1-45 1-75 


1200 


1-5 


2-5 


1-45 2 


1400 


21 


3 


2 


2-4 


1600 


24 


3-4 


2-3 


2-76 


1800 


2-75 


3-8 


2-65 


3 1 


2000 


3 


4-25 


2-9 


3-4 


2200 


3-3 


4-5 


3-2 


3-8 


2400 


3-6 


5 


3-5 


41 


2600 


4 


5-5 


3-8 


45 


2800 


4-25 


6 


3-85 


4-75 


3000 


4-5 6-3 


3-85 


4-75 


3200 


4-7 6-8 




3400 


4-8 7-2 


Speed limit of efficiency. 


3600 


5 7-4 




3S00 


5-05 , 7-5 




4000 


509 1 7-6 
Speed limit of efficiency. 





Pulleys should be slightly wider on the face than the belt 
used. 

Belts should not be allowed to become dry or stiff, and 
powdered resin should not be used unless on an exceptional 
emergency, and where no other method of increasing the grip 
of the belt is possible. 

Castor oil, well rubbed into the belt, forms a very good 
dressing and keeps the belt in good running condition. 

When cotton ropes are used for driving they are usually 
fitted in series of six, eight, or more ropes which run in 
correspondingly grooved pulleys. The pulleys should be made 
so that the gripping surface is on the sides of groove, and when 
the ropes are so worn that they bed on the bottom they should 
be renewed. Ropes should be well spliced, and should not be 
overtiglit as they shrink perceptibly in damp weather. In 
arranging the direction of running it should be remembered 
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that if the slack side be made the top any sag will tend to 
increase the gripping power, whereas if the lower side be made 
the slack side the reverse is the case. 

Carefid attention to the machine while working is of con- 
siderable importance, and the following instruction as to ** How 
to look after a Dynamo," by W. C. Mountain, may be quoted : — 

"On the arrival of a dynamo at the place where it is to be 
fixed the cover of the packing case should be taken off, and the 
machine carefully examined, to ascertain if it has got damp or 
injured in transit, the cover should then be replaced, or the 
machine carefully unpacked and put in a dry clean place, and 
covered with a canvas or waterproof cover until the foundations 
-are ready." 

"Too great stress cannot be laid upon the importance of 
having good solid foundations, as it must be borne in mind that 
a dynamo is a high-class piece of quick-running machinery, and 
unless firmly and securely fixed it will vibrate and knock itself 
to pieces, whereas if well fixed it should run for years with 
ordinary care and attention." 

" The foundations should be made of brick, concrete, or stone, 
preferably brick or concrete with a stone about 12 inches 
thick on the top ; if of brick it should be built in cement, the 
stone being bedded in cement at the top of the brickwork." 

" With large dynamos it is advisable to carry the holes for 
the holding-down bolts, which should not be less than 4 inches 
square, to the bottom of the foundations, and build in a 
•cast- or wrought-iron holding-down plate, with a square hole 
in the plate of a suitable size to take the bolt and prevent it 
turning when being screwed up. Under the holding-down plate 
a hand hole should be left to enable the cotters to be readily 
got at." 

" In building the foundations the simplest plan to form the 
holding-down bolt holes is to make some taper wooden boxes 
about 3 J inches square at the bottom and 4^ at the top, and build 
them in; they are withdrawn when the foundations are finished." 

"For small machines it is not necessary to take the bolts 
through the foundations, a very simple and efficient plan being 
to cut some square holes in the stone slab, the holes being made 
to taper outward? slightly — ^.e., smaller at the top than the 
bottom — jagged Lewis bolts, with the skank tapered down 
towards the thread, being placed in the holes, and run in with 
lead, sulphur, or cement." 

"It should be carefully remembered that foundations are no 
use unless on a good bottom, and they must be taken deep 
•enough to obtain this." 
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** In all cases it is advisable to fix the dynamo upon a sliding 
cast-iron bed plate with brackets and tightening screws for 
taking up the slack of the belt; but whether this is done or not, 
the following remarks will apply : — 

" Take a spirit level and straight edge and see that the top 
of the foundations are level and dressed off true. Having 
ascertained that they are so, have the bed plate (dynamo or 
sliding bed) lifted carefully on to the foundations, having first 
placed the holding-down bolts in position, then level the 
machine or bed by placing thin taper wooden wedges under 
the corners and sides if any great length, tapping them in until 
the bed is level each way. Before proceeding to finally level, 
it is advisable to ascertain that the machine is set square with 
the shafting or flywheel. This is found by taking a fine cord 
line and stretching it across the faces of the main driving pulley 
or flywheel and dynamo pulley ; if the cord is straight and 
touches the two edges of the main driving pulley and the two 
edges of the dynamo pulley, the machine is set square." 

"In cases where the main driving pulley, or dynamo pulley, 
is wider on the face than the other an allowance can readily be 
made, and the distance from the edge of the cord and the pulley 
measured off" on both edges." 

" Having set the bed plate square and level, the holding-down 
bolts being in their place, or if Lewis bolts are used the hole» 
having been marked off" when the machine was first put on its 
bed, and the holes cut in a stone and the bolts dropped in their 
place, the machine is ready for grouting in." 

"With holding-down bolts passing through the foundations, 
this is done by stopping up the crevices where the bolts pass 
through the holding-down plates with clay, and also putting 
a small wall of clay round the bed plate, leaving 1^ inches clear 
all round. This forms a sort of pound, and into this a thin liquid 
cement is poured until the holding-down bolt holes are full and 
the thin cement has got well between the bottom flange of the 
bed plate and the stone. When the cement is set the nuts on 
the holding-down bolts which had previously been left slack are 
screwed up, and the machine is firmly secured." 

" If Lewis bolts are used they must be run in with lead or 
sulphur and the machine grouted as described." 

" The machine should be carefully examined, to see that it is. 
ready, and in a fit condition to be started." 

" The main bearing caps should be removed, and the spindle 
and bearings cleaned from dirt and grit; then well oiled and the 
caps replaced, the nuts being screwed up with the fingers only. 
The armature and spindle should be turned round in the bearing* 
to see that they run free." 
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'* The commutator must next be examined to see that it has 
not been injured in any way, and that none of the sections have 
got knocked in. Before any current is taken from the machine 
the commutator should be polished with a piece of fine worn 
emery cloth, the brushes having first been raised, otherwise 
emery dust would get under the brushes and cause cutting of 
the CO u I mutator." 

** The brushes and brush holders must then be examined to 
see if they are clean and working freely. A stiff paint brush is 
useful for dusting the brushes and holders, and is afterwards 
useful for removing any brass or copper dust which might 
accumulate. The brushes should then be lowered on to the 
surface of the commutator, and must bear with a soft elastic 
pressure. If they bear too lightly they will jump off when 
running and cause sparking, and if too hard they will cause 
cutting." 

" The brushes must then be examined to see that they bear in 
the right position on the commutator — i.e., that there are the 
correct number of copper sections between each brush. It is 
usual to put centre-punch dots on the sections on which the 
brushes should bear ; but if this is not the case the sections 
must be counted, and in a two-pole machine the brushes must 
bear on exactly opposite sections, in a four-pole machine at 
exactly one-quarter of the total sections apart. For instance, in 
a commutator with 72 sections the brushes of a two-pole 
machine would be 36 sections apart ; with a four- pole machine 
18 sections apart." 

" The brushes having been adjusted, the bearings well oiled, 
and the lubricators either made to feed fast, or better still 
removed, and the connections examined, the machine is ready to 
start ; but before starting the main switches should be opened 
and the brushes raised." 

" Then let the machine run empty for some time to see that the 
bearings run cool, and that the machine is all right mechanically." 

" The machine should then be stopped and the brushes lowered 
on to the commutator, the points of the brushes being placed on 
the neutral line, which is the centre line between the poles." 

'* If an incandescent lighting installation, the main switch 
should be closed and the machine started, the speed being 
gradually increased until the voltmeter or a pilot incandescent 
lamp registers the correct voltage ; the brushes may then show 
signs of sparking, and they must be rocked backwards and 
forwards until they attain a position where sparking disappears. 
This position should be carefully noted, and the brushes always 
placed, before startins:, as nearly as possible in this position." 

4 
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** In some dynamos the angle of lead — that is, the distance the 
brushes have to lie over the centre line — varies with the load. 
Therefore if any lamps are switched on or off, it is necessary to 
alter the position of the brushes. If this is not attended to 
sparking and wearing of the commutator and brushes result." 

" The dynamo having been started, a few hints are necessary 
to kee[) it in proper running order, as many people imagine that 
a dynamo, unlike other machinery, will run without attention. 
This is not the case, and proper care soon repays the owner." 

" The bearings must be carefully attended to, and kept well 
oiled. It is usual on all good machines to supply adjustable 
sight feed lubricators, and these must be adjusted so that the 
bearings are well but not wastefully lubricated. The waste oil 
should be collected in trays, and, after being carefully strained, 
may be used over again several times. The bearings should be 
kept so adjusted that they run cool, but do not knock or cause 
vibration. The commutator, which is a most important part of 
the dynamo, also requires attention." 

" When the time for closing down comes the dynamo should be 
stopped with the switches on, except in the case of arc lamps, 
the incandescence of the filaments of the incandescent lamps 
being gradually reduced. When the dynamo is at rest, or only 
revolving slowly, the brushes should be raised and a piece of 
worn emery paper held under the commutator, the machine 
being then run at a moderate speed. This removes any rough- 
ness from the surface of the commutator, which is finally cleaned 
by applying a piece of soft oily rag or white cotton waste ; it is 
then ready for the next spell of work." 

" Whilst the machine is running the surface of the com- 
mutator should be very slightly lubricated by a piece of clean 
rag moistened with mineral oil, or better still with vaseline; 
this will keep it from cutting." 

** If the above precautions are taken the dynamo will run for 
years without trouble." 

In running dynamos it occasionally happens that faults of 
some kind or other are met with ; these may be due to accident, 
neglect, or wear and tear ; but from whatever cause they arise 
they will have the effect of either partially or completely 
disabling the machine. 

To locate faults it is necessary to have a testing battery and 
galvanometer, the tests usually being either for conductivity or 
insulation. 

In making the test for conductivity the positive pole of the 
battery is connected to one of the terminals of the galvanometer, 
while the negative pole is connected to one end of the wire 
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which it is desired to test, the other end heing connected to the 
other terminal of the galvanometer. As soon as the circuit is 
closed the needle of the galvanometer should be deflected; if, 
however, a break exist, no deflection will take place. Care must 
be taken while making this test to see that all the connections 
make good contact, as mistakes may be made by neglect of this 
precaution. 

The arrangement of the battery, galvanometer, and coil of 
wire under test is shown in Fig. 41. 




Fig. 41. — ^Test for Continuity. 
G = Galvanometer. | W = Coil of wire under test. 

B = Battery. 

In testing for insulation, the object is to find whether the 
wire is completely insulated from any metal round which it may 
be wound, as, for instance, the core of a magnet. To accomplish 
this, one terminal of the battery is fixed to the one end of the 
wire, the other terminal being connected to the galvanometer. 
A small piece of the metal core is scraped clean with a knife, 
and a wire, connected to the other terminal of the galvanometer, 
is made to touch the place thus cleaned. Should the insulation 
of the wire be imperfect, and some part of the bare wire be in 
contact with the metal core, the needle of the galvanometer is 
deflected at the moment the core is touched with the connecting 
wire. If, on the other hand, no deflection takes place, the 
insulation is sound, provided, of course, that all the other con- 
tacts are in proper condition. The method of making this test 
is shown in Fig. 42. 

A third test known as the test for " earth " or leakage, may 
be made by means of the battery and galvanometer, and is often 
of service in locating leakage in cables. The method of carrying 
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out this test is as follows : — One of the wires from the battery 
is connected to the conductor to be tested, the other passes to 
the galvanometer, and from thence to earth, a rail or water pipe 
being the best place to make connection. Should there be 
leakage the needle of the galvanometer will be deflected. 

In carrying out this test it is of importance to note that the 
test sbould be made over sections, and that these sections should 
be as short as possible, otherwise it may be difficult to locate 
the fault. The results of such tests vary with circumstance^ 




Fig. 42.— Insulation Test. 

B = Battery. | G = Galvanometer. 

W = Wire being tested. 

and the person who carries them out must exercise common 
sense with respect to the various deflections indicated, before 
coming to a hasty conclusion regarding their cause. 

The faults that occur during the working of dynamos, and 
which have already been alluded to, are : — 

1. Failure to excite, 

2. Sparking at the brushes. 

3. Excessive heating. 

4. Vibration, 

5. Variation of speed. 

These faults may be due to several causes, some of the more 
important of which will now be pointed out, and the method of 
dealing with them explained. 

Failure to excite may be due to numerous causes, but it must 
be remembered that both compound and shunt-wound machines- 
take some little time to build up their current, and a good few 
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minutes may pass from the time of starting until they are fully 
excited. 

If, after a reasonable time, the machine fails to excite, then 
the cause must be ascertained, and will probably be found due 
to some of the following defects : — 

(a) Improper Connections. — When the machine is first started 
failure may be due to the above, and must be remedied by con- 
necting up in the correct way. The various diagrams of connec- 
tions already given should serve to set this matter right. 

{h) Too Low Speed. — With compound and shunt -wound 
machines a certain speed must be attained before they begin to 
excite. If after running a few minutes no current is produced, 
it is advisable to run up the speed, which can again be slowed 
down to the normal when the voltage rises to the desired 
height. 

(c) Brushes not on Neutral Points. — If the brushes are not set 
in the proper positions the E.M.F. of the armature is not wholly 
utilised, and the machine may thus fail to excite. The brushes 
should be adjusted by means of the rocker to their correct 
position, as already pointed out. Should any doubts exist as to 
the correct position of the brushes, they can be moved from 
point to point by means of the brush rocker, until the correct 
position has been attained. Should such a course be necessary, 
some little time must be allowed between each shift, so as to 
give the machine time to build up current, which it will do 
when the brushes are finally moved into the proper positions. 

{d) Defective Contacts, — If the contacts of the various connec- 
tions are not kept scrupulously clean, the machine may fail to 
■excite. This is very likely to take place if oil be allowed to 
find its way about the contacts, as oil acts as an insulator, and 
might readily interpose a resistance of sufficient magnitude to 
prevent the machine from exciting. The only remedy is to 
keep all contacts bright and clean, and completely free from oil 
^nd dirt of all kinds. 

(e) External Circuit Open, — This would only affect a series- 
wound machine, and might be easily ascertained with the 
galvanometer, but it may be observed that the break in the 
•circuit might be of such a nature that the galvanometer might 
give a deflection, while at the same time the very small current 
first generated by the machine might not be able to pass the 
break. After seeing that all contacts and switches are in place, 
and that the external circuit is all right, short circuiting the 
terminals may be resorted to in order to get the machine to 
excite. This operation should be performed with care, the best 
way being to fix a short piece of wire, with ends bared of insula- 
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tipn, to one terminal. A longer piece of instdated flexible wire 
should be fixed to the other terminal. The bare end of this- 
longer piece of wire is brought into momentary contact with 
the short piece projecting from the other terminal. Should the 
machine excite, the current will cause a spark between the two 
wires when contact is made or broken. Series-wound machines 
excite very rapidly, and for this reason care should be taken 
that the contact is of short duration. 

(f) Too heavy load or short circuit in the external circuit. 
This fault is one that will prevent the excitation of a shunt- 
wound dynamo, because the whole of the current passes to the 
outside circuit, making the difference of potential between the 
shunt terminal almost zero. If the leads be taken out the 
dynamo will excite. Should this defect occur in a compound or 
series-wound dynamo, an overload is caused, which will blow 
the fuses. 

{g) Short Circuits in Bynumo. — Should such occur in the 
terminals, brush-holders, field coils, or the armature or commu- 
tator, the dynamo may fail to excite. The terminals and brush- 
holders can readily be tested by means of the galvanometer, but, 
as a rule, when they are at fault it is due to metallic dust or 
other dirt collecting about them. When such is the case the 
remedy is obvious. When the short circuit is in the field coils 
the best test is to take their resistance by means of a Wheat- 
stone bridge, a matter best carried out by a capable electrician. 
For faults of the armature and commutator, further details will 
be found in the part dealing with the armature. 

Sparking at Brushes. — This defect is of frequent occurrence in 
most dynamos unless they are well looked after and kept 
thoroughly clean. In most cases the remedy is easily applied ^ 
but heavy sparking may be an indication of a more or less 
serious fault in the field magnet or armature circuits, and 
attendants should observe the class of sparking as it often gives 
an indication of the cause. Any of the following conditions 
will produce sparking, depending, to a greater < r less extent, 
upon circumstances : — 

(a) Shi/ting of the Neutral Point. — As already pointed out in 
Chapter ii. (p. 27), when the various coils of the armature 
leave one pole and approach another, the current changes in 
direction. The position where this takes place is known as the 
neutral point, and it is this position upon which the brushes 
should rest. This neutral point is not constant in position, but 
varies with the load, magnetism, (fee, and the brushes may have 
to be shifted accordingly, but in a well-designed dynamo 
running under moderate variations of load, the brushes once set- 
should not require much attention. 
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(6) Fatdty Alignment of Brushes, — The brushes may be so 
set as to be out of line with each other, this is easily remedied, 
as all that is required is to put the brushes diametrically 
opposite each other, usually two segments of the commutator 
are marked so as to render this easy. 

(c) The brashes may he dirty, a very frequent cause of defect, 
especially with copper-gauze brushes. The dirt may be due to 
the use of a lubricator, on the commutator, or from accumula- 
tions of dust. The parts should be cleaned with scrupulous 
care, using some anti-grease solution, such as turpentine or 
soda. 

{d) Insufficient Bearing Surface of Brushes, — The bearing 
surface of the brushes may be too small, or uneven, to properly 
perform their functions. If the latter is the case they should be 
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Fig. 43. — Trimming Box. 
B = Box. I C = Cover. 

trimmed. If it be necessary to keep the machine running 
while the brushes are being cleaned or trimmed, one brush may 
be removed at a time. In trimming, the brushes should not be 
put between the bare jaws of a vice, but should be held in a 
specially-constructed holder, the vice being used for holding this 
apparatus. The holder consists of a box with open ends and 
a movable top, one of the ends should be cut to the same angle 
as that to which the brush requires to be trimmed ; this angle 
will of course vary with the width of the commutator bars, and 
would be different for different machines. The brush is placed 
in the box with its end projecting a little past the bevelled 
edge, the cover is placed over the brush, the whole gripped in 
the vice, and the brush carefully filed down to the requisite 
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shape and smoothness. The box may be constructed of either 
hard wood or metal, and its details are shown in Fig. 43. 

{e) The Dynamo may he Overloaded, — The overloading may 
be due to short circuits in the external circuit, or an " earth " 
in the machine itself, or it may be due to a demand for 
power in excess of that for which the dynamo was designed. 
From whatever cause it may arise, it will show itself upon the 
voltmeter, or ammeter. Where a dynamo has to supply power 
to several motors, sparking is often caused by the fluctuating 
load (this is a special feature in coalcutting), and the brushes 
have to be adjusted to the point where least sparking occurs 
with what is considered the average load. 

(/) A Break Doum of the Insulation of either the dynamo or the 
external circuit may produce considerable leakage, which will 
not be indicated by the ammeter, but which can be tested for in 
the following manner: — Connect a piece of insulated wire to one 
of the terminals of the dynamo, and while the machine is 
running make short contacts with the earth. This is best done 
by means of the frame of the machine or some similar body 
having good earth connection. Should the insulation be faulty 
these contacts will be accompanied by sparking. To ascertain 
whether the fault is in the mains, or the dynamo itself, the 
former should be disconnected from the terminals and the test 
repeated as before. Should the spark still appear the fault is in 
the dynamo, if, however, no spark shows the fault has been in 
the external circuit, and in either case would have to be located 
as already described. 

Excessive sparking at one brush usually betokens that a short 
circuit exists in one of the field coils. It will be indicated by 
the pole piece with the short-circuited coil being much weaker in 
magnetism than the others, or one of the coils will differ con- 
siderably in temperature from the others. This can easily be 
felt by laying the hand on them for a little. In series winding 
the cooler coil will be the faulty one, in shunt winding the 
reverse will be the case. 

((/) Faults in the Commutator or a Broken or Damaged Wire in the 
Armature Coils may also lead to sparking. The commutator may 
be worn flat in some places or it may be short circuited in itself. 
The former fault is readily ascertained by raising the brushes 
and feeling the surface with the fingers while revolving slowly. 
The latter defect is often noted by the spark running round 
along with the cummutator as it were. When flats occur the 
best method of treatment is to put the armature and spindle in 
the lathe and turn up the surface of the cummutator anew. 
When doing this a sharp fine-pointed tool must be used and a 



THE DYNAMO. 57 

very fine cut taken. As soon as the flats are all out, fine emery 
cloth and an oily rag may be used to finish with. Great care 
should be taken in removing the armature from its bearings and 
drawing it out of the tunnel in which it works, as it is easily 
damaged ; before putting it into the lathe it should be wrapped 
up in canvas or strong brown paper, so as to exclude dust and 
fine particles of the metal burnings. 

The second fault mentioned above will be dealt with when 
dealing with faults in the armature. 

Excessive Heating. — The forcing of current through the field 
and armature coils produces, in all machines, a certain amount 
of heat, and for this reason all dynamos will show an increase in 
temperature after running for some time. So long as this 
increase of temperature kee^s under a certain limit (about 70** 
F. over that of the dynamo room, provided the room is well 
ventilated) no harm results, and good machines ought to run on 
full load for a period of at least six hours without the tempera- 
ture increasing beyond this limit, after this there should be no 
further increase provided the load be kept constant. Should 
the rise of temperature be greater than this the insulation 
softens and ultimately gives way. Failure of the insulation 
due to this cause is indicated by the smell of melting rubber 
or shellac. Overloads, from whatever cause arising, are respon- 
sible for increase of temperature, as well as for short circuiting. 
If machines are fixed in a damp position and have to stand 
idle for any length of time they may get damp, and this may 
cause excessive heating. Such machines should, on starting, 
be run for some time under light loads which allows them to 
become dry. 

Vibration. — Since in the dynamo the moving parts rotate only 
there should be little vibration, provided everything is in good 
condition. If vibration occurs to any extent, it will be due to 
some of the following defects : — Foundations bad, or machine 
insufficiently secured to them ; badly jointed driving belt ; side 
play upon armature shaft, or armature out of balance. 

(a) The question of foundations has already been treated, and 
need not be further referred to. The bolts securing the machine 
should be examined from time to time to see that they are not 
becoming slack. 

(6) The belt should be selected for the particular purpose to 
which it is applied, and ought to conform to the conditions 
already laid down regarding it. 

(c) If the armature shaft has too much side play the result is 
that the shaft, or in some cases the driving pulley, knocks 
against the bearings. The remedy is to take up the play by 
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putting a washer of the requisite thickness between the shaft 
collar and the bearing. 

(d) When the speed oj rotation is highy as in the armature of a 
dynamo, it is important that the weight should be uniformly 
distributed round the shaft. This is, as a rule, well look^ to 
by the makers of machines, but it sometimes happens that after 
the machine may have been badly overloaded, or wher^ the 
binding wires have given way, the armature may get a little out 
of balance. This can be easily detected by supporting the shafb 
on two level knife edges ; the heavier side, if such exists, will 
have a tendency to turn to the bottom. The remedy usually 
applied is drilling holes in the driving pulley at the heavier 
side, or if the construction of the pulley does not admit of this 
loading the lighter side with lead placed upon the inner side of 
the rim. 

Variations of Speed. — This arises in many cases from circum- 
stances which only cause temporary inconvenience, and which 
are easily set right, such as reduced speed of driving engine due 
to fall of steam pressure, <kc. There are, however, other causes 
of a more serious nature, such as the overloading of the machine, 
slipping^of the belt, or armature rubbing in tunnel. 

(a) Overloads have already been dealt with under sparking. 

(6) Slipping of the Belt. — While some little slip is permissible 
under the conditions of belt driving such slip should be reduced 
to a minimum by keeping the belts as tight as possible under 
the circumstances. 

(c) Sometimes the windings get slack upon the armature and 
come in contact with the pole pieces, or it may be the binding 
wires touch while the armature is revolving. This is easily 
noticed by the noise produced, and may usually be remedied by 
putting on new binding wire, and, if necessary, increasing the 
number of bands, the windings having previously been beaten 
well into their place by means of a wood mallet. 

The Armature, which is a most important part of the dynamo, 
now comes under consideration, the chief faults being short 
circuits and breaks or disconnections in the circuit. 

(a) Short Circuits, — These may take place between the wires 
of the individual coils or between adjacent coils. They may 
also take place through the binding wires or through the 
armature core. 

When a short circuit takes place between the wires of 
individual coils sparking at the commutator and a smell of 
burning shellac are the usual indications. The dynamo should 
be stopped at once, and the faulty coil will easily be detected by 
its temperature, as it will be much hotter than the others. It is^ 
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possible, however, that visible signs of the excessive heat are 
beginning to show. 

When a short circuit takes place between the adjacent bars of 
a drum armature it usually results in a pomplete stoppage of the 
current. The method of detection is one that had better be 
dealt with by the trained electrician. 

(b) Breaks in the Armature Circuit. — When this occurs it is 
accompanied by vicious sparking at the commutator, and can 
usually be distinguished from a short circuit by the lesser heating 
effect on the armature. The sparking takes place when the 
commutator bar connected to the faulty coil passes the brush, 
and these particular bars are soon affected to such an extent 
that the faulty coil is easily determined. When this failure 
occurs it is often caused by the armature connections breaking, 
away from the commutator lug. The remedy is re-soldering or 
jointing the broken ends. Should it be necessary to keep the 
dynamo running a temporary repair may be made by soldering 
the adjacent commutator lugs at each end of the broken coil 
together without removing the coil, but the first opportunity 
would have to be taken to put in a new coil or thoroughly repair 
the damaged one. 

Faults in the Gommntator. — These usually result from the 
existence of some of the other defects already described, and are 
usually either ^fo, sJiort circuits, or knocked-in segments. 

The remedy ior flats has already been dealt with, and consists 
of turning down the surface of the commutator in the lathe with 
a sharp tool. 

Short circuits are, as a rule, due to metallic dust, dirt, or 
grease, the remedy being attention and careful cleaning. 

The commutator may receive an accidental knock, and, as a 
result, have one or more of its segments driven below the level 
of the other. Should the commutator be much damaged the 
better plan is to rebuild it. If only one or two sections are thus 
lowered they can in some cases be brought back by gripping the 
lugs with a small vice and then using a lever to pull them back 
into position. 

The foregoing faults are those that are most likely to occur in 
th.; working of dynamos, and to the inexperienced the list may 
appear so formidable as to call forth the suggestion that 
breakdowns cannot but be of frequent occurrence. In a well- 
constructed dynamo this is not, however, the case, and with 
ordinary conditions of running there is no class of machinery 
less liable to develop serious defects. One important feature 
that must not be overlooked is the necessity for absolute 
cleanliness, both with regard to the machine itself and also to 
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its surroundings ; if this be duly observed it will save trouble 
on many occasions. Another important point is the necessity 
for the attendant to take an intelligent interest in the machine 
under his charge, and to endeavour to get a grasp of the 
principles of its action. The latter point could be aided to 
a great extent by competent men who, when called to do repairs 
might point out to the attendant why such repairs have been 
rendered necessary, and thus possibly prevent their occurrence 
a second time. 

There is the further question of conpling up dynamos so as to 
work together on the same circuit. This is not often required 
-about collieries meantime, and cannot be dealt with here. All 
information regarding the methods adopted will be found in 
text-books dealing with the subject of electrical engineering, 
and the reader is referred to some of those N^orks if informa- 
tion on this subject is desired. 

Engines. — In driving dynamos the choice of an engine will 
depend on several circumstances. The available steam pressure, 
the choice between condensing or non- condensing types, con- 
ditions of load upon engine, and method of connecting engine to 
dynamo will all need consideration. The engines may be of the 
ordinary horizontal slide-valve type, or they may be fitted with 
Oorliss, Trip, or some other automatic expansion gear, as is 
usual about collieries. High-speed engines if used should be of 
the vertical type, either open or enclosed, and coupled direct to 
the dynamo. 

A third class of engine that has been applied to this work is 
the steam turbine, that of Parson's design, being the best-known 
form. 

For rough colliery work the ordinary horizontal slide-valve 
engine is largely employed, and answers as well as any other 
when the steam pressures available are under 60 lbs. per square 
inch. With higher steam pressures Corliss engines or those of 
that type give more economical results. 

The power developed by any reciprocating engine is obtained 
as follows : — 

PLAN 
• 33,000 • 

Where P = mean steam pressure in lbs. per square inch. 
„ L = length of stroke in feet. 
„ A = area of piston in square inches. 
„ N = number of strokes per minute. 

The above represents the work done in the engine cylinder 
and takes no account of frictional losses. The power that an 
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engine actually exerts while driving is known as the brake 
horse-power and is always less than the indicated horse-power 
under the same load. The brake horse-power varies from 
75 per cent, of the indicated horse-power in small, to 90 per 
cent, in large engines, a fact which must not be lost sight of 
when estimating the power of the engine required. It must 
also be remembered that no dynamo gives out all the power 
imparted to it, but that only a portion of the total energy is 
converted into current, the remainder being lost in heating the 
armature and field windings, creating hysteresis and eddy 
currents and overcoming the friction of brushes and bearings. 
The actual amount of electrical energy obtained from a dynamo 
varies, but in good machines it should be about 90 per cent, of 
the mechanical energy imparted to the driving pulley. 

The following example may serve to show how the foregoing 
statements can be applied : — 

A dynamo has to give 100 electrical horse-power ; its efficiency is 90 per 

cent. What will be the brake horse-power of the driving engine ? If the 

engine has an efficiency of 80 per cent. , what will its indicated horse-power 

be? 

T> 1 V. 100 X 10 ,,, ' 
Brake horse-power = ^ = 111*1 

Indicated horse-power = a^ - = 139 nearly. 

The size of the engine would depend on the mean steam pressure and the 
piston speed. In ordinary horizontal engines it is not considered good 
practice to exceed a piston speed of 400 feet per minute, especially when 
the engine has to be kept running continuously. 

If in the above example it be considered that the mean steam pressure is 
40 lbs. per square inch, the engine has a stroke of 3 feet, and makes 65 
revolutions per miuutc, what will the diameter of the cylinder be ? 

Using the formula I.H.P. = oon^ » 

_, ,o^ 40 X 3' X A X 66 X 2 
Then 139 = 33;^^^ 

A = 294 03 

But diameter of cylinder = . / _ ^ / = v/.^74^ 

^ \ -7854 "\ -7854 V-^'^ ^ 

= 19-3" (approx). 
The above result neglects the area of the piston-rod. 

Parson's Turbine. — This form of driving engine has been 
applied to colliery installations, and forms an ideal drive. So 
far the number of places where it has been adopted are limited, 
but its working is being watched with great interest, and there 
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is little doubt that the next few years will see a rapid develop- 
ment of this system. 

The parallel flow type, of which Fig. 44 is a section, is the 
form in general use. 

It consists of a series of moving blades fitted upon a barrel, the 
diameter of which increases by steps at A, B, C on diagram. 
On the inside of the casing guide blades are fixed. Steam is 
admitted by means of a double- beat valve at A, and passes 
round to the end of the barrel at J. The guide blades 
are so constructed that the steam on entering is projected in a 
rotatory direction upon the succeeding ring of moving blades, 
imparting to them a rotatory force ; it is then thrown back upon 




Parson's Steam Turbine. 



the succeeding ring of guide blades, the reaction increasing the 
force of rotation. 

The same action occurs at each of the successive rings, and is 
accompanied by a drop in pressure, and a gradual expansion of 
the steam. The parts marked D, E, F are not parr, of the 
energy receiving arrangement, but are dummies constructed for 
the purpose of taking up end thrust, but at the same time they 
form a practically steam-tight joint. 

Steam is admitted to the turbine in a series of gusts by means 
of the double beat valve, H, the valve being operated by means 
of a relay in mechanical connection with the turbine shaft. 
When used for electrical work the duration of each gust of 
steam is controlled by means of a solenoid, connected as a shunt 
across the field magnets oftht dynamo, and acting at the end of 
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-a lever. The governing of the turbine is very exact, the throw- 
ing off or on of the fiUl load producing a variation of speed of 
not more than 2 per cent. 

For a given power the turbine occupies a very small floor 
space, and requires practically no other foundation than a block 
of wood placed level upon the floor. The economy is most 
marked ; tests made by Professor Ewing of Cambridge give a 
steam consumption of 21*2 lbs. per electrical horse-power hour. 
Using a fair class of coal this corresponds to a consumption of 
about 2^ lbs. per hour; or, on comparison with an ordinary 
reciprocating engine, under 2 lbs. of coal per indicated horse- 
power per hour. 

The turbine runs at a very high speed, and consequently the 
dynamo, which is coupled direct, is comparatively small for 
a considerable output. 

At Ackton Hall Colliery, where six of these turbines are in 
use, the following outputs are realised : — 

Three turbo-electric generators, each of the same type, furnish 
300 amperes at 500 volts at 3000 revolutions per minute. One 
turbo-electric generator gives three-phase alternate currents of 
400 amperes at 320 volts, the speed being about 2800 revolutions 
per minute, the exciter being carried on the same bed plate and 
driven by the same shaft. One small turbo-generator for light- 
ing purposes gives 65 amperes at 110 volts, the speed being 
9000 revolutions per minute ; while another yields 400 amperes 
at 110 volts, with a speed of 4200 revolutions per minute. The 
above plant has been, and is doing good work throughout ever 
since its installation. 

Whatever class of engine may be adopted it is of the utmost 
importance to see that the speed is efficiently regulated either 
by a mechanical or electrical governor, as, unless this is paid 
strict attention to, trouble is likely to result sooner or later. 
The greater the fluctuation of load the greater the necessity for 
attention to this detail. 
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EXAMPLES. 

1. A dynamo has to furnish 80 E.H.P. Find B.H.P. of the driving 
engine if its eificiency is 90 per cent. — Atis. 88*8 B.H.P. 

2. An engine driving a dynamo gives 100 B.H.P. What is the I.H.P. if 
the efficiency of the engine is 85 per cent.? — Ana, 118 I.H.P. nearly. 

3. An engine has to develop 120 I.H.P. If steam be 60 lbs. per square 
inch, the length of stroke 3 feet, and the number of revolutions per minute 
65, what is the diameter of cylinder? — Ana. 16 inches nearly. 

4. What diameter of cylinder will develop 60 LH.P. with a 4-foot 
stroke, 40 revolutions per minute, and steam pressure HO lbs. per square 
inch (mean). — An^, 14*8 inches diameter. 

5. A dynamo has to supply 72 E.H.P., its efficiency is 90 per cent. 
What is the B.H.P. required to drive it? K the engine has an efficiency 
of 76 per cent., what will be its I.H.P.? If the piston speed be 360 feet 
per minute, and mean pressure of steam in the cylinder 60 lbs. per square 
inch, what will be the diameter of the cylinder? — Ana. 80 B.H.P.; 106*6 
I.H.P.; diameter about 15f inches. 

6. An engine has a cylinder 10 inches in diameter, with a 2-foot stroke. 
If mean steam pressure be 45 lbs. per square inch, and the engine makes 
90 revolutions per minute, what would be its I.H.P.? If its efficiency be 
80 per cent., what B.H.P. would it give?— ^rw. 38*5 I.H.P. and 30*8. 
B.H.P. 
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CHAPTER IV. 

MOTORS. 

Electricity offers many advantages for the transmission of 
power over long distances, and has a great deal to recommend it 
for such purposes in and about mines. The ease with which 
cables can be carried from place to place and the economy, 
compared with any other system, are the principal factors in its 
favour. The question of economy of transmission, as will be 
seen from a perusal of Chapter i., depends largely upon the 
voltage employed, and the prevailing practice is to limit this to 
500 for service in mines, and indeed many large colliery instal- 
lations are fixed at less than this. Whether the highest voltage 
consistent with the conditions be used or not, there is no rival 
to the electrical system of transmission, if the power is required 
some distance away from the shaft bottom. 

After developing the electric energy by the dynamo as already 
explained, the current is carried to the required place by means 
of the conducting cables, and there converted into mechanical 
energy by means of the motor. It will thus be seen that the 
tunction of the motor is exactly the opposite of that of the 
dynamo, for while the dynamo converts mechanical energy into 
electrical, the motor converts electrical energy into mechanical. 
In the former case, mechanical energy is expended in producing 
rotation of the armature in the magnetic field ; in the latter 
case, this action is reversed. A current from a dynamo is 
passed through the coils of the armature and the field magnets, 
and the force of the magnetic field so produced, acts upon the 
coils carrying current in the armature and produces rotation. 
The force by which the armature is pulled round is called torque, 
and if a suitable connection be made between the armature shaft 
and the machinery it is desired to drive, this torque may be 
made to do work in proportion to its magnitude. 

The construction of a motor is practically the same as a 
dynamo, and any well-designed dynamo will act as a motor, but 
for industrial purposes it is usual to build machines to work 
solely as motors, as they can be better adapted to fulfil the 
particular conditions applicable to the case. 

When a motor is running by a supply of current from an 
outside source, the armature revolves in a magnetic field, and 
being, in point of fact, of exactly the same construction as the 

6 
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one used in the dynamo, this rotation will tend to produce 
a current in a direction opposite to the driving current, and 
thus the driving current is dammed back. The tendency to 
produce current in the opposite direction, which is called the 
back E.M.F., becomes greater the higher the speed of the motor. 
At the moment of starting no back E.M.F. exists, and the current 
going through the armature is a maximum, as the speed increases 
the back E.M.F. increases until the quantity of current passing 
through the armature is a minimum. It is to this feature that 
the self-regiilating properties and efficiency of working is due, as 
it allows the motor armature to take current in proportion to 
the work performed. 




Fig. 46.— Starting Switch, 

M = Motor. I S = Startinjg switch. 

R = Resistance. | M C = Main circuit. 

As already stated, there is no back E.M.F. in the circuit at the 
moment of starting, and currents of such magnitude may flow 
through the armature that its coils are damaged. To prevent 
this an extra resistance has to be introduced into the circuit 
until such times as the motor has got up speed, when it may be 
removed. For this purpose all ordinary motors are provided 
with a starting resistance. 

These resistances vary in details of construction, but are the 
same in principle, and consist of coils of wire contained in flre^ 
proof boxes, or open where admissible, the wire being either of 
iron, German silver, platinoid manganin, or some suitable 
material, connected in series with the motor, and fitted with a 
switch for cutting out or putting in resistance at will. 

A diagram of the arrangement of such a switch is shown in 
Fig. 45. 
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A starting switch of the above type has to be operated by the 
attendant, and may be left in such a position that damage to 
the motor may follow the switching on of the current by means 
of the main switch. The present tendency of electricians is to 
adopt automatic arrangements for the better protection of the 
motor where possible, and many forms of automatic starters 
have been devised. An automatic resistance for starting 
stationary motors is shown in Fig. 46. In this form the contact 
arm cannot be left on intermediate steps and is held at the 
"full-on" position by means of a magnet, which, on the stoppage 
of the current, releases the arm, which immediately flies back to 
the "off" position, throwing in all the resistance and opening 




Fig. 46. — Automatic Starter. 

the circuit. This movement is produced by means of a spring 
fitted in the boss of the contact lever. Another form of starter, 
known as an overload preventer and having an additional device 
for causing resistance to be inserted should an excessive current 
flow through the armature, is shown in Fig. 47. 

This arrangement is one in which the coils of the electro- 
magnet on the one side are in series with the armature of the 
motor. A small armature is fitted to this electro-magnet and is 
capable of adjustment, so that, should more than a pre-arranged 
amount of current pass through the coils of the electro-magnet, 
i)he small armature is attracted and releases a detent which has 
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been holding the contact arm in position. Immediately the- 
contact arm is released, it is thrown back by the spring into 
the '*oflr" position, and the motor is stopped. These starting 
resistances are often called rheostats. The (General Electric 
Company issue the following instructions for working their 
starters : — 

To Start Motor, — "After closing the main switch, move the 
arm quickly on to the first large contact, hold it there two or 
three seconds, and move forward to the next contact, making 
each move quickly, and stopping the arm squarely on each 




Fig. 47. — Overload Preventer, 

contact plate. Give the motor two or three seconds at each 
step in which to speed up." 

The motor should start on the first or second contact. If it 
does not, let the arm fly back and examine motor and circuits 
for trouble. 

To Stop Motor, — "Do not touch the rheostat. Open the main 
switch. The rheostat arm will fly back when the motor stops.** 

Where motors are shunt- or compound -wound, the circuit 
should be closed through the shunt before the armature circuit 
is completed. Messrs. Siemens Brothers use the switch shown 
diagram matically in Fig. 48 to effect this purpose. 
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The switch is so arranged that when the motor is started the 
switch arm comes into contact with a stud and puts the shunt 
<;oil8 of the motor and a resistance equal to the shunt coils in 
parallel. The next move breaks contact with the resistance, 
and leaves the field magnets fully excited by the current now 
being carried by the shunt coils. The next step closes the 



SR 




Fig. 48. — Siemens Starting Switch. 



S R = Starting resist- 
ance. 
B C = Blind contact. 
M = Motor. 



D = Dynamo. 
S A = Switch arm. 
S = Shunt. 



R = Resistance equal to 
shimt resistance. 
F = Fuse. 



armature circuit, at the same time putting in resistance, which 
is gradually cut out as the motor gets up speed. The motor 
must be stopped by means of the switch, and the operations 
already described take place in the reverse order. This switch 
performs a double function. In the first place, it completely 
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magnetises the field before the current is allowed to pass^ 
through the armature of the motor, which increases the ability 
of the motor to start with full load. In the second place, when 
stopping after first breaking the armature circuit and then 
placing a resistance in parallel to the shunt, it breaks the shunt 
coil circuit and places the shunt in series with an equivalent 
resistance. This has the effect of preventing the induced current 
produced by the breaking of the circuit of all large shunt-wound 
machines from damaging the insulation of the field magnet 
windings. 

Another class of starting switch, which is used to a consider- 
able extent in mining work, is that in which the current passes 




Fig. 49.— Single Pole Liquid Switch. Fig. 50.— Double Pole Liquid Switch, 

through a quantity of water, which is gradually diminished by 
lowering a lead cone from near the surface to the bottom of the 
vessel containing the liquid. By this means the amount of 
current allowed to pass to the motor is gradually increased a& 
the distance between the contacts is decreased. This class of 
switch is made both as a single and as a double pole switch. 
Fig. 49 shows the single pole type, while the double pole is 
shown by Fig. 50. 

There is no sparking with this form of switch, although it ia 
open to the objection that, in some cases, it can be dropped too- 
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quickly by a careless attendant. This can be obviated by fitting 
the switch with a dashpot filled with oil, so that the handle 
which is connected to it can only be moved slowly. 

The motors of the continuous current type employed for 
mining purposes are of three classes, and are classified in the 
same way as dynamos by their windings, which may be either 
series, shunt, or compound, each type being suited to certain 
classes of work. The diagrams 25, 26, 27, already given, may 
be further consulted to show these systems of winding. 

I 



M 






M 
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Fig. 61. — Connections for Series Motor. 
M = Mains. | S K = Startinglresistance. 

Series Motor. — In this machine the field coils and the arma- 
ture form one continuous circuit, and the current is the same in 
each. This condition allows the motor to exert a great starting 
torque, but if current is supplied at a constant pressure, the 
speed changes with any variation of the load. When the arma- 
ture of such a motor is at rest there is no back E.M.F., and the 
whole admissible current flows through the armature and field 
coils, magnetising the fields to the utmost extent, and producing 



72 ELECTRICAL PRACTICE IN COLLIERIES. 

the maximum torque or pull upon the armature. The rotation 
of the armature produces a back E.M.F., which gradually 
increases as the speed increases. This, of course, keeps back 
the current in the fields and armature, and a point is reached 
where the speed is constant for that particular condition of 
loading. Should the load be removed the motor races, the field 
is thus weakened, the back E.M.F. diminished, and a further 
increase of speed results, which may ultimately cause damage 
to the motor. For this reason a ** series " motor can only be 
used where the load is constant, or under conditions where 
everything must be sacrificed for the sake of getting great 
starting power, as, for instance, in coal cutting. Should a 
" series " motor be overloaded the speed decreases, the torque 
is increased by the flow of more current through the armature 
and field magnets, and if the generator responds to the call for 
more current the motor will take it to such an extent that 
either a fuse blows or failure of the armature coils results from 
overheating. Motors of this type are made both bipolar and 
multipolar, and where conditions admit of their use the greatest 
economy as regards size of plant is obtained. The method of 
connecting a series motor to the mains supplying the current 
is shown in Fig. 51. 

Shunt Motor. — In this type the field coils are connected as a 
shunt across the mains, and as a consequence the strength of 
the magnetic field produced is constant so long as the current 
supplied remains so. This has the effect of keeping the speed 
and the back E.M.F. nearly constant, even under considerable 
variations of load. The starting power is low, but can be much 
improved by first magnetising the field before closing the arma- 
ture circuit, in the manner already described. This form of 
motor is well suited for, and is largely employed in, many classes 
of mining work, but must be of sufficient size to deal with the 
maximum load. Added to the fact, that to get the best results 
with this class of motor it must be of heavy construction, the 
first cost of plant would, for equal work, be higher than in the 
last case. The connections of a shunt motor to the supply 
mains is shown in Fig. 52. Like the series motor, a shunt 
motor may be either of the bipolar or multipolar type. 

Gomponnd Motors. — In this type the field magnets are wound 
with two set of coils, one being arranged as a shunt, the other 
in series, with the armature. The series coils, which are usually 
few in number, have the eff*ect of increasing the magnetism of 
the field at starting and during times of heavy load. By this 
arrangement the speed is nearly constant under wide variations 
of load. This class of motor is used to a greater extent than 
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any other about collieries, combining, as it does, the chief 
features of both the series and shnnt machines. A diagram of 
its connections to the supply mains is shown in Fig. 53. Like 
the others, both bipolar and multipolar types are in use. 
Where used in mines, motors may have current furnished to 
them either from lighting mains or from a separate circuit. 

It is not advisable to use large motors served from a lighting 
circuit, and a motor so served should not be larger than about 
10 horse-power. For motors of larger output a separate circuit 
should be provided, and in some cases it may be found an 




Fig. 62. — Connections for Shunt Motor. 

M = Mains. I A = Armature connection. 

S R = Starting resistance. | F = Field connection. 

advantage to have a separate dynamo, in preference to driving 
several from the same generator. One generator running at 
nearly full load would be the more economical method, but 
advantages might follow the use of the other method, which 
would outweigh the consideration of an increased efficiency. 

Electric motors when used in mines will in many cases require 
to be of the enclosed type, for several reasons. In the first 
place, unless the motor is enclosed, gas might be ignited by 
sparking ; in the second place, it may be necessary to exclude 
damp ; and in the third place, it may be necessary for their own 
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protection from falling material, and to exclude dust. When au 
motor is totally enclosed, the tendency to heat is great, and 
inspection is difficult. The author is of opinion that open 
machines might be used to a greater extent, if precautions be 
taken to keep the motor room free from gas, besides which there 
are many motors on the market which run sparkless, while there 
is the risk of covers being left loose or oflf altogether in the case 
of enclosed machines. In cases such as that of coal-cutting 




Fig. 53. — Connections for Compound Motor. 



M = Mains. 

S R = Starting resistance. 
A = Armature connections. 



F = Field connections. 
S = Shunt coils. 
S C = Series coils. 



machines, where the risk from gas and also of damage to the 
motor is greatest, the latter may be protected with the usual 
covering, but holes, covered with strong wire gauze, should be 
left at convenient places, as this would still admit of some 
ventilation, and would help to keep down the temperature 
while running. 

Much has been said regarding danger from gas, but it may 
be worth while noting that it requires a high temperature, and 
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consequently a fairly strong spark to cause its ignition. A further 
point is that the gas must be present to the extent of from 4 to- 
5 per cent, in the air before it will ignite at all, a condition very 
unlikely to obtain in places where motors have to be fixei 
The danger is indeed quite disproportionate to the outcry that 
has been made. When motors are used in places where gas 
may at some time be present in dangerous quantities, they ought 
to be well looked to, kept in good running order, and be of such 
a size that overloading does not occur. If these precautions are 
observed, the danger is reduced to a minimum, and is certainly 
not greater than that existing from other causes in daily opera- 
tion. 

When a motor is employed to convert electrical energy into- 
mechanical, not all the current supplied to it is usefully applied, 
part of it goes in heating the various parts of the motor, and in 
overcoming frictional resistances, the remainder only being avail- 
able for mechanical work. The relationship between these two- 
quantities is known as the efficiency of the motor, and, like 
that of all machines, it may be expressed thus — 

Efficiency = ^ork given out 
•^ Work put m • 

It is possible to get very high efficiencies from electric motors 
provided they be made large enough, but in practice it is found 
that the cost is too great when the higher efficiencies are 
attempted. The following table gives the approximate efficiencies- 
for various horse-powers, and the watts required at the ter- 
minals of the motors, at the efficiencies given, to produce one 
eflfective horse-power on the motor shaft : — 



Effective H.P. of Motor. 


Commercial 
Efficiency. 


Watts per H.P. 
required at Tenninals. 




Per cent. 




50 and upwards, . 


90 


829 


40 „ 








88 


848 


25 








85 


878 


15 








80 


904 


5 








75 


995 


3 „ 








70 


1066 


1 








65 


1148 


i ,, 








60 


1244 


i „ 








55 


1357 



Before the actual power required from the generator can be 
calculated the actual watts required at the motor terminals must 
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be known, and to this must be added the watts lost in the cables 
which convey the current from the generator to the motor. 

As an example, let it be assumed that a motor of 50 effective horse- 
power with an efficiency of 90 per cent, has to be driven at a distance of 
880 yards from the dynamo. The watts that the generating dynamo must 
furnish will be as follows : — 

50 effective H.P. requires 829 watts per H.P. when efficiency is 90 
per cent. 

Watts at motor terminals = 50 x 829 = 41450. 

4150 
Suppose the voltage to be 400, then the amperes will be -j^ = 103 '75, 

.say 104. 

A reference to the table of carrying capacity of conductors, given in the 
first chapter, shows that a cable of 37/16 size will suit the purpose, its 
carrying capacity being 122 amperes and resistance '3574 ohm per mile. 
The watts lost in this cable will oe found by squaring the current passing 
in amperes and multiplying by the resistance in ohms, thus — 

104 X 104 X 3574 = 3865*63 watts lost per mile of cable. 

In this case the cable is exactly one mile in length, the distance from the 
dynamo to the motor and back ; the result may be summed thus — 

Watts consumed by motor, 41,450 
Watts lost in cables, 3,865*6 

Total watts, = 45,315*6 

This amount must be furnished by the generating dynamo. 

The volts at the dynamo terminals will be got by dividing the total 
watts by the amperes, thus — 

~^(u- = 435*7, say 436 volts, at dynamo. 

It will thus be seen that the loss in the cables amounts to about 9 per cent. 
Suppose the dynamo which generates the current has an efficiency of 90 
per cent. , the effective or brake horse-power to drive dynamo would be 

T> XT T> 45,315*6 X 100 «_ ^ , 
^■^'^'= 746x90 = ^7 ^ °"*^^y- 

If the efficiency of the driving engine be taken as 85 per cent. , then the 
indicated, horse-power will be 

i.H.p.= 51:5^ = 79.4. 

and the efficiency of the combined plant will be 

Efi^ = —^ mm -63, or 63 per cent. 

In running motors the precautions that have been already 
given regarding dynamos should be observed. 
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If motors of the open type are used in mines it is advisable to 
keep them covered when not at work with a damp-proof cloth, 
as the atmosphere in many mines is very humid, and dust is 
often abundant. 

In some cases where motors are used their direction of run- 
ning has to be reversed ; when this is necessary the brushes 
should bear vertically on the commutator. A reversing switch 
is used, which is an appliance for changing the direction of the 




Fig. 54. — Multipolar Motor. 

current in the field magnets of the motor, and is arranged as 
a part of the starting resistance in most oases. 

From what has already been said it will be seen that motors 
resemble dynamos in their general features, and may belong to 
any of the types already dealt with under that head. Fig. 54 
shows a multipolar three-bearing motor of a design well suited 
for heavy colliery work where the situation is favourable for an 
open machine. 



78 



ELECTRICAL PRACTICE IN COLLIERIES. 



Another multipolar motor, enclosed and coupled direct to a 
high-speed triplex pump, is shown in Fig. 55. 

Motors of the multipolar type are largely employed in mines 
on account of the greater ease with which they can be made, 
enclosed or partially enclosed, besides which they are lighter for 
a given power. 

Where opportunity admits motors should be run open; if 
totally enclosed a much larger motor will be required for the 




Fig. 55. — Enclosed Motor. 

same work on account of the difl&culty of getting the heat dis- 
sipated fast enough. In the case of one generator supplying 
current to one motor the machines are usually of the one pattern 
and size, so that a spare armature will fit either. 

Alternate Current Motors. — This class of motor has been 
adopted to some considerable extent for mining purposes during 
the last year or two, and for this reason a short description of 
the type generally used will be desirable. The method of 
producing alternating currents has been dealt with already, and 
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it is for use with these currents that the above-mentioned 
motors are required. These motors may be divided into two 
classes : — 

1. Synchronous. 

2. Non-synchronous. 

In the synchronoViS type the speed bears a constant relationship 
to the frequency of the driving current, and it cannot run at any 
other speed than its synchronous speed. Its greatest dis- 
advantage is the inability to start until its speed synchronises 
with that of the generator; hence this form is little used in 
mining work, and may be dismissed without further notice. 

The second form or TMn-syn^ihroruyaa motor is one where the 
■speed varies to some extent with the load, and bears no relation- 
ship to the frequency of the supply. The motors of this type are 
self-starting, and can start under a considerable load. Special 
arrangements, which will be dealt with later, have to be made 
in the larger sizes to enable them to start when loaded. 

These induction motors^ as they are often called, as applied to 
mining, are either of the two-phase or polyphase type. With 
the two-phase motor four conducting cables are required, while 
with the other three conducting cables only are necessary; 
generally where such motors are installed they are of the three- 
phase class. 

The motor consists of a primary circuit which is wound upon 
a fixed ring of metal, the windings being so arranged that the 
-current, if two-phase, enters every other coil, or, if three-phase, 
each third coil in succession. This part, with its windings, 
corresponds to the fields of the continuous current machine, and 
is called the " Stator." Inside the primary circuit the movable 
part called the ** Rotor " is placed. The rotor is built of laminated 
soft steel discs, which are held in position by being bolted to an 
open spider keyed to the motor shaft. The steel discs are slotted 
and fitted with copper conductors in each slot, the whole being 
bolted to a solid copper end ring. 

This forms the secondary circuit and constitutes a sound 
mechanical contrivance, the copper bars being all short circuited 
render attention to insulation unimportant. The rotor of an 
induction motor corresponds to the armature of the continuous- 
current machine, and is built as described, whether the motor is 
two-phase or polyphase. 

The current enters the windings of the stator, as already 
described, each coil of the set receiving current, which rises from 
2ero to a maximum, decreasing again to zero, this process being 
repeated in the reverse direction. With two-phase currents the 
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second current starts from zero at the moment the first current 
has attained a maximum, passing through the same cycle of 
changes as the first, but always remaining one-quarter of a period 
behind. 

With three-phase currents the second current starts when the 
first has passed through one-third of its cycle and the third 
current at a like point behind the second. All through the 
working this distance is maintained. 

In the two-phase motor the current from the generator passes 
through two sets of windings, one current going to each set. As 
the first set of windings receives current an induced current i& 
set up in the conductors qf the rotor ; this causes attraction 
between these conductors and the stator coils just in front, the 
rotor moving forward under the attracting force. As the rotor 
moves forward the current changes to the second set of windings 
producing similar conditions, and the rotor again moves forward. 
These changes are repeated so long as currents are delivered to 
the motor, and produce continuous rotation of the rotor as the 
result. 

In the three-phase system the same conditions are set up, but 
currents are delivered to three separate sets of coils upon the 
stator, thus giving three separate pulls to the rotor instead of two. 

Just as a back E.M.F., which varies with the speed of 
rotation, is produced in the continuous current motor, so an 
opposing pressure is induced in the conductors of the rotor. 
Should the motor be running and have its load increased the 
speed falls and the opposing pressure becomes less, thus causing 
an increase in the available driving pressure, or, in other words, 
increasing the torque. This produces an increase of current in 
the rotor and causes slip — that is, alters its speed relatively to 
the rotating field. 

The alteration of the current in the rotor conductors reacts on 
the stator coils and reduces the strength of the magnetic field. 
This goes on until a point has been reached where the energy 
supplied to the motor is insuflficient for the work to be performed, 
and unless the load is decreased the motor stops. 

The induction motor thus differs in one important respect from 
the continuous current motor, as excess of load causes the former 
to come to a standstill, whereas with the latter, burning out of 
the armature coils would be the ultimate result. 

It is usual to arrange that induction motors should take 
about 20 per cent, more than their normal working load before 
stoppage. 

In large motors of the type under consideration the currents 
induced in the rotor when starting are of such magnitude that 
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their reaction weakens the stator field and renders the motor 
incapable of making a start. These currents are reduced by 
inserting a resistance into the rotor circuits at starting. This is 
done by two slip rings, which are insulated from each other and 




Fig. 56. — Three-phase Motor. 

from the motor shaft and connected to the conductors of the 
rotor. 

Brushes are fitted to these rings so as to make contact with 
them, the resistance being inserted between. The resistance is 
usually cut out of circuit by means of some automatic arrange- 

6 
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ments as soon as the motor has got up speed. It is usual in 
mining motors of this type to cover in the slip rings, as — although 
this is a remote possibility — a spark might be produced at the 
contacts. 

All motors of a size above 10 horse-power are, as a rule, fitted 
with this starting arrangement. A three-phase motor, with slip 
rings on rotor shaft, is shown in Fig. 56. 

Various methods are employed for coupling-up the field con- 
nections, but the two most frequently adopted are known as the 
star method and the mesh method. 

The 8ta/r method is shown in Fig. 57, where the coils are cross 




Fig. 57. — Star Connection. 
W = Terminal connections. 

connected in pairs, and jointed together at three of their 
terminals by the short piece of wire, W. The sum of the three 
currents being zero, the bunching together of the three wires does 
away with the necessity for a return. 

The mesh coupling is shown in Fig. 58. Here the coils are 
jointed up in series, and the line wires connected to points 
between the coils. The fluctuation of the exciting power is 
greater in the mesh system than in the star, being, according to 
Mr. Kapp, 13 per cent, in the former and 7*25 per cent, in the 
latter. 
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The two-phase system requires four conducting cables to carry 
*he current to the motor. 

The efficiencies of the motors just described are very high, 
varying from 80 to 94 per cent, in the diflFerent sizes. 

The system of transmitting power by three-phase currents is 
now being applied in some mines, its advocates urging the great 
advantage of freedom from danger due to sparking and high 
'efficiency. 

There is little doubt that where power is generated at a very 
long distance from the colliery the three-phase system is the 
most satisfactory. This condition, however, hardly ever occurs 




Fig. 58. — Mesh Connections. 

at the present time, although it will, doubtless, be experienced 
when schemes for the general distribution of power over a 
number of colleries, each some distance from the central station, 
are put into practice. The greater efficiency of three-phase 
systems is due to the high voltage that can be used for trans- 
mission, and to the fact that high voltage alternating-current 
machines are much easier to construct than continuous-current 
machines to give similar pressures. 

For the average conditions of colliery work the author is, 
however, of opinion that the continuous-current machine will 
still hold its ground, sparking at the commutator, as already 
shown, being chiefly a question of care, while the continuous 
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current has the further advantages of requiring fewer conducting- 
cables and undergoing reduced line losses under moderate loads. 
Changes from a continuous current to an alternating one and 
vice versd can be effected by means of a rotary converter. This^ 
with the question of transforming the current from high to low 
pressure or " stepping down," cannot be further entered upon 
here. 

EXAMPLES. 

1. A motor giving 20 effective H. P. is placed 600 yards away from the- 

generating dynamo. The efficiency of the motor is 85 per cent., and the 
ynamo furnishes current at 420 volts pressure. What number of amperes^ 
would be required at the motor terminals, if 10 per cent, drop be allowed 
in voltage, and what size of cable would be required ? — Ana. 45*3 amperes ; 
cable, 7/13 size. 

2. A motor of 80 effective H.P. has to drive pumps 1000 yards away 
from the generator. An engine and generator is supplied for this work 
only, the efficiencies of the motor being 90 per cent., and of the dynamo- 
and engine 90 per cent, and 80 per cent, respectively. Allowing 10 per 
cent, for loss in cables, what will oe the combined efficiency of the plant t 
— Ans, 58*4 per cent, 

3. A motor has an output of 25 B.H.P., with a pressure of 300 volts at 
its terminals. It is situated 440 yards away from the generator. Taking 
its efficiency as 85 per cent., find (1) watts consumed by motor, (2) amperea 
required to feed motor, (3) size of cables to carry current, (4) watts lost in 
cable, (5) voltage at dynamo terminals, (6) 6. H.P. required to drive 
dynamo.— ^7W. (1) 21,950 watts, (2) 73-16 amperes, (3) 7/11 cables, (4) 
1546 watts, (5) 322 volts, (6) 37 B.H.P. 

4. If, in example 3, the efficiency of the engine driving the dynamo be 
85 per cent., what will the I.H.P. be, and what will the efficiency of the 
plant be, taken as a whole?— ^?i«. 43*6 I.H.P. ; total efficiency, 57 '4 per 

-int. 

5. A dynamo has to supply current to two motors, each of 20 H.P. and 
situated at a distance of half a mile. If the efficiency of the motors be 
80 per cent., what H.P. must the generator furnish, if 10 per cent, be 
allowed for loss in mains? — Atis. 55*5 E.H.P. 

6. If the dynamo referred to in question 5 has an efficiency of 90 per 
cent., and the driving engine an efficiency of 85 per cent., what is the 
I.H.P. of the engine? what is the combined efficiency of the plant? — Afi^ 
72*5 I.H.P., and 55 per cent, nearly. 
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CHAPTER V. 
LIGHTING. 



The use of electric light about collieries has received more 
attention than any other branch of electrical engineering, and 
has, for that reason, become better understood, current being 
•oftener used for this purpose than for any other connected with 
collieries. It is safe to say that all collieries of any importance 
have found it to their advantage to generate current for lighting 
purposes, and no modern installation would now be considered 
complete, if it did not provide for lighting the surface at leasts 
-electrically. 

i |The advantages to be gained are many, either compared with 
gas or what was perhaps more commonly used about collieries, 
-oil lamps and open braziers burning coal, and colliery owners 
have not been slow in finding this out. 

Some of these advantages may be stated as — 

(1) Decreased cost. 

(2) Better lighting. 

(3) Less risk of fire. 

(4) Freedom from fumes arising from lamps, <fec. 

(5) Absolute dependence upon light under all conditions of 
weather. 

(6) Greater freedom from accidents due to imperfect lighting 
about sidings, &c. 

(7) Saving of time in handling tubs, &c., due to better lighting. 

(8) Lights can be fixed in positions where lighting with any 
other kind of illuminant would be impracticable. 

The lighting is usually of what may be termed the combined 
type — incandescent lamps being used for all inside work and at 
places of minor importance upon the outside, while arc lights are 
used for lighting up sidings, yards, dirt-heaps, &c. The best form 
of dynamo to use when the lighting is carried out as above- 
mentioned is a compound-wound machine, as current is furnished 
in proportion to the demand. Should arc lighting alone be 
purposed, a series-wound dynamo would be the best machine to 
use if the lamps were run in series, but, should the lamps be 
run in parallel, the compound-wound machine would again be 
the most suitalole. If accumulators be used, which is seldom 
•desirable about a colliery, a shunt- wound dynamo is best adapted 
for charging them. 
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The ordinary incandescent lamp consists of a glass globe- 
containing a carbon filament attached to two platinum wires^ 
which form the terminals of the lamp. The air is exhausted 
from the globe, which is then sealed up. These lamps are made 
to give various candle-power (C.P.), with voltages running from 
50 to 250. Lamps, the voltage of which is suited for that 
of the circuit, must be employed. Lamps of ordinary C.P. 
take about 3-75 watts per C.P. A 16-C.P. lamp at 100 volts 
takes about -6 of an ampere, while a 200 volt 16-C.P. lamp 
takes about half this — namely, -3 of an ampere, being in each 
case 3*75 watts per C.P. It will thus be seen that the C.P* 
of a lamp does not depend on the voltage, but upon the 
product of the voltage and the quantity of current passing 
through — that is, upon the watts consumed. The length of 
time that an incandescent lamp will last — called the life of 
the lamp — varies greatly, and may be taken on the average as 
from 800 to 1000 hours. Towards the end of its life the globe 
usually begins to blacken, owing to the disintegration of the 
carbon filament and the deposition of minute particles of carbon 
upon the lamp bulb. When a lamp reaches this stage — usually 
called the smashing point — it is best to have it replaced by a 
new one. An ordinary incandescent lamp may be run on a 
circuit where the pressure is slightly in excess of that of the 
lamp, say not more than 5 volts. When this is done, a large 
increase of light is obtained and the consumption per C.P. 
diminished ; the life of the lamp is, however, greatly shortened. 
On the other hand, should the lamp be run on a circuit where 
the pressure is less than that which the lamp is designed for, 
by say 6 volts, a decreased C.P. results, with an increase of the 
life of the lamp and a decrease of its efficiency. 

While the cost of power about a colliery is usually low it 
will in many cases be better to run the lamps slightly under 
their voltage ; this requires more lamps to light a given space^ 
but there ought to be a saving in cost of lamps owing to their 
increased life. 

A number of foreign-made lamps are on the market ; they are 
cheap but unreliable, and the use of good lamps, such as the 
Ediswan, the Robertson (Fig. 59), the Sunbeam, or other well- 
known high grade lamps, is much to be preferred. 

As a general rule, the lighting circuits about a colliery are 
run in parallel (see Fig. 2), a constant pressure dens^ity being to 
be kept up between the mains, in modern installations averaging 
from 230 to 250 volts, the lamps being adapted to suit the 
particular voltage employed. Where very long circuits exist 
the application of the pressure at the middle of the circuit will 
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help to equalise the fall of potential. The arrangement of 
circuits is a matter best left to the engineer, as it requires some 
care and experience. It is, however, best to have the whole 
installation divided up into a number of small circuits ; this 
allows for the easy detection of faults should they occur, such 
defects being less serious, as they only affect a few lights. The 




Fig. 59. — Incandescent Lamp. 

current should be carried from the mains to a central distribut- 
ing board, and from this small circuits taken to the various 
lamps. When a large amount of lighting has to be done circuits 
may be carried to branch distributing boards, and againj[sub- 
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divided. The details of such appliances can hardly be entered 
into here, but may be found in books dealing with this branch 
of electrical engineering. All circuits should be adequately 
protected by having fuses inserted in proper positions. The 
fuse consists of a short piece of wire which can only carry the 
working current safely. 

W Should the current in the circuit be increased abnormally 
fromjany cause this wire becomes overheated and melts, thus 
breaking the circuit. The fuse of the electric circuit thus bears 
the same relationship to the installation that the safety valve 
does to a boiler. Fuse wires are made of different metals and 
alloys, copper, tin, and lead being most frequently used. Tin 
and lead may be used up to about 50 amperes ; after this the 
wire becomes large for single fuses, and a smaller copper wire 
may be substituted. 

The following table (the authority being Sir W. H. Preece) 
gives the sizes of tin, lead, and copper wires that will fuse with 
currents up to 100 amperes. For larger currents an equivalent 
number of smaller wires may be twisted together to fulfil the 
required condition : — 



Fusing 


Tin Wire 


Lead Wire 


Copper Wire 


Current. 


S.W.G. (Size). 


S.W.G. (Size). 


S.W.G. (Size). 


Amperes. 


Approximate. 


Approximate. 


Approximate. 


1 


36 


35 


47 


2 


31 


30 


43 


3 


28 


27 


41 


4 


26 


25 


39 


5 


25 


23 


38 


10 


21 


20 


33 


15 


19 


18 


30 


20 


17 


17 


28 


25 


16 


15 


26 


30 


15 


14 


25 


40 


13-5 


13 


23 


50 


12-5 


11-5 


22 


60 


11 


10 


21 


70 


10 


9-5 


20 


80 


9-5 


8-5 


19 


90 


9 


8 


18-5 


100 


8-5 


7 

J. 


18 



It must, of course, be observed that no circuit should be fitted 
with a fuse that just carries the working current, but a working 
margin has to be allowed. The allowable margin varies with 
circumstances, but not uncommonly a fuse to blow with twice 
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the working current is fixed in cases where the current is small, 
say, not over 20 amperes. With larger currents a less margin is 
allowed ; for instance, a 70-ampere circuit might be fitted with 
a fuse which would give way at about 100 amperes. 

As an example of dealing with currents which are greater than that 
found in the table, suppose a fuse has to be provided which will blow at 
200 amperes. Then two No. 18 or four No. 22 copper wires would be 
twisted together to give the desired result. 

The greatest, care should be exercised in putting in suitable 
fuse wires, either in connection with lighting or the transmis- 
sion of power, and a supply of such wire should always be kept 
at hand. The author has known cases where neglect of this 
precaution has caused considerable expense by unsuitable 
material being used to replace a burst fuse, and afterwards 
carrying current sufficient to burn out a motor armature. Until 
attendants are better schooled in the conditions attached to the 
successful management of electric plant, the only safe way to 
prevent such occurrences seems to be to have a quantity of 
suitable material always at hand, and to give strict injunctions 
that nothing else shall be used for replacing burst fuses. 

Several methods are in use for running the cables, but for 
colliery work Simplex tubing will give as good and economical 
results as any. Where the cables have to be protected from 
damp screwed gas piping may be used with advantage. Wood 
casing is also used to a considerable extent, although, in the 
author's opinion, tubing is to be preferred. Where tubes are 
used they should be preserved by coating them with enamel from 
time to time. Lamps, either singly or in groups, according to 
circumstances, will be controlled by switches. These switches 
ought to be placed in convenient positions, such as close to the 
side of doors when the place has to be entered in the dark or in 
similar positions. 

The functions of a switch are the opening or closing of a 
circuit when this is required. When such switches are placed 
on one lead only they are called single pole, and may be made to 
break the circuit at one or two places. If at one place only they 
are called single break, if at two places they are called double 
break. A double-pole switch is in reality two switches in com- 
bination, arranged so as to be worked with one handle." 

Switches which are used for high pressure, or which have to 
carry large currents, are liable to give a vicious spark when 
contact is made or broken. To prevent this, or at least to 
modify it, the switch is made with two contacts giving a double 
break, and so dividing the spark, and thus preventing burning 
of the contact pieces. 
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It is of the utmost importance that all switches, for whatever 
purpose they may be used, should have bases which are formed 
of some non-combustible material, and should also be provided 





1 




Fig. 60.— Single-pole 
Single-break Switch. 



Fig. 61.— Double-pole 
Single-break Switch. 



Fig. 62.— Single-pole 
Double-break Switch. 



with a strong spring throw-off, so that no matter how the handle 
or lever is manipulated the switch cannot remain in an inter- 
mediate position, but must be either off or on. Slate is often 




Fig. 63.— Double-pole 
Double-break Switch. 



Fig. 64. — Double-pole Two-way 
Switch. 



used as the material for the base, but should be selected so as to 
be free from iron, which occurs in many slates and which conducts 
current quite freely. 
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The connections of various types of switches to the mains can 
be shown by aid of diagrams. Thus Fig. 60 shows the con- 
nection of a single-pole single break, a class not often used. 
Fig. 61 shows a double- pole single break, and Fig. 62 a single- 




Fig. 65. -Switch. 

pole double break; while Fig. 63 represents a double-pole 
double break. 

It may be desired to direct the current into a different path^ 




Fig. 66. — Double-pole Double-break Main Switch. 
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in which case it would be necessary to arrange a two-way switch. 
Fig. 64 is a diagrammatic representation of a double-pole two- 
way switch. 

The number of good switches on the market is legion, and it 
would be quite impossible to discuss the merits of each ; but 
Fig. 65 shows a form that is frequently adopted in connection 
with incandescent lighting. It is mounted on a porcelain base 
And fitted with a porcelain cover. The employment of porcelain 
instead of a metal cover lessens the risk of shock should the 
switch get slightly out of order. 

For main switches, for lighting or power circuits, it is common 
to use those of the double-break double-pole type. Fig. 66 gives 
A general idea of the appearance of a switch of this form ; while 
Fig. 67 shows a single-pole double-break switch. 
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Fig. 67. — Single-pole Double-break Main Switch. 

In fixing the position of the lights it will be necessary to 
-consider what arrangements will yield the most efficient lighting 
with the smallest possible expenditure consistent with good 
-work and material. The lamps may vary from 8 to 32 candle- 
power, depending upon the requirements of the place in which 
they are fixed ; a good general rule to work on is to allow 3 
<5andle-power for each 10 square feet of floor area provided the 
lamps can be placed to advantage, their best position being about 
S feet above the level of the floor. The inside walls of all 
buildings should be of a light colour, and in the case of pithead 
and screen sheds, <kc., this could readily be obtained by white- 
washing at intervals. Recourse to some such method of keeping 
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waUs more or less white renders lighting much more efficient, as 
white surfaces reflect from 50 to 70 per cent, of the light falling 
upon them ; whereas if the surface is allowed to get dingy and 
black, which frequently occurs about collieries, the whole, or 
nearly the whole, of the light may be absorbed without reflexion. 

The outside lighting of yards, sidings, (be, is, in most collieries, 
carried out by means of arc lamps. If the two ends of a circuit 
be brought together and then slightly separated the current will,, 
provided its pressure is sufficient, leap across the gap thua 
tbrmed. The continuous flow of the current under those con- 
ditions gives what is termed the electric arc. Should this arc be 
set up between two pencils or rods of carbon a brilliant white 
light is produced. 

In order to keep the light constant the carbons must be kept 
constantly at the same distance apart — that is, some arrange- 
ment has to be provided by which the carbon is fed forward at 
a rate equal to its rate of consumption. This adjustment 
is performed by the arc lamp, of which a number of types are on 
the market. 

Should the light be produced under such conditions that the 
atmosphere has free access to it the arc is classified as an open 
arc. In lamps of this class the consumption of the carbons 
depends upon conditions of current, class of current, &c., but may 
roughly be set down as about one inch per hour. 

Should the arc be enclosed, so as to prevent the outside atmo- 
sphere from having free access to it, we have the type of lamp 
known as the enclosed arc lamp. In this class of lamp the 
carbons which bum in gases that are practically inert, chiefly 
nitrogen and carbon monoxide (the latter formed by the oxygen 
in the enclosed chamber entering into combination with the 
carbon upon the starting of the arc), are not consumed at the 
same rate, but last for a much longer time ; a pair of carbons,, 
measuring in all about 20 inches, burning from 60 to 150 hours. 

The chief features of an arc lamp are : — 

1. The carbons must be allowed to come together when the 
current is stopped. 

2. A mechanism for drawing the carbons apart when the 
current commences to flow must be provided. This is usually 
called the striking mechanism. 

3. A feeding mechanism must be provided for feeding forward 
the carbons as they burn away. 

4. If lamps are to work in series with others, a short-circuiting 
cut out is necessary, so that the current can be carried past the 
lamp in the event of it being extinguished through the carbon 
becoming exhausted or otherwise. 
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Without going into a description of the various mechanisms 
adopted in the different lamps and their suitability for the par- 
ticular purpose for which they are intended, the author' would 
simply state that he prefers the enclosed arc lamp for colliery 
lighting, as the consumption of carbon is much less and the 
light is better distributed over a given area. The carbons used 
in these lamps must be of the very best quality and free from 
traces of metallic oxides, which, if present, stain the inner globe 
a deep brown, thus reducing the amount of light transmitted. 

For a given energy consumption, the light emitted from an 
enclosed arc lamp is less than would be obtained from an open 
arc lamp under the same conditions, but the presence of the 
inner globe, which is usually of opal or alabaster glass, gives a 
much evener distribution of the light, which, at sight, would 
make it appear as if the euclosed arc were superior to the open 
arc, even in the amount of light produced. The efficiency of the 
enclosed arc is less than that of the open lamp, but the saving 
in carbon and trouble in renewal will, in most cases, do more 
than cover the slight difference in cost arising from this 
cause. 

Other features of the enclosed arc are — that the arc is much 
longer, often about J inch, and it requires a difference of pres- 
sure of about 80 volts at its terminals. The longer arc reduces 
the obstruction of the light in a downward direction, and the 
greater difference of voltage enables such lamps to be run across 
mains where the pressure is even over 100 volts. The risk of 
fire due to the escape of sparks from the arc is done away with 
in the enclosed arc by the use of the tight-fitting inside globe. 

With open arcs, the difference of pressure required at the 
terminals varies from about 45 to 60 volts. 

Whatever type of lamp is used, the current required will vary 
with the power of the lamp. Lamps taking from 5 to 30 
amperes are in use, those most frequently used being 8 and 10 
amperes for open, and 5 amperes for enclosed, lamps. 

The arrangement of the lamps may be in series, in parallel, or 
in series-parallel. When the lamps are arranged in series, it is 
necessary for each lamp to be fitted with an automatic cut out, 
so that, in the case of failure of any one lamp, the current will 
short-circuit its terminals, which prevents such failure from 
affecting the other lamps upon the circuit. When the lamps are 
run in parallel, should the voltage be above that required at the 
lamp terminals, a resistance must be put in series with the 
lamps in order to keep the current at its proper intensity, and 
it should always be borne in mind that the use of a resistance 
simply wastes so much current by transforming it into heat. 
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Where resistances are used, it is best to have them well enclosed 
in fireproof cases. 

In series-parallel, two or more lamps are joined in series and 
then put in parallel on the mains. 

The number of lamps required to light a given area will 
depend very much on circumstances, but with 10-ampere open 
lamps, or 5-ampere enclosed, fixed at a height of about 20 feet. 




\\ 











Fig. 68.— Jandus Arc Lamp. Fig. 69. — Angold Enclosed Arc Lamp. 

about 70 feet from lamp to lamp is a fair average for outside 
lighting. Obstruction of the light by buildings or anything of 
that kind may prevent any one lamp from giving what might, 
under more favourable conditions, be sufficient light; for this 
reason, the best available position for the lamps should always 
be studied. 
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For interior lighting, should arc lamps be selected, then 1(K 
ampere open lamps or 5- ampere enclosed, at a height of 15 feet 
above the floor and fixed about 45 feet apart, give very good 
results. 

In fixing the arc lamps, it is very important to see that they 
are suspended by an insulating ring or other non-conductor, and 
resistances should be fixed quite clear of all inflammable 



substances. 
One of the 



best 



types of arc lamp is that known as the 
Jandus, of which Fig. 68 shows the general 
appearance. Although a non-focussing 
lamp, it possesses all the advantages of a 
focussing one owing to the slow rate of 
consumption of the negative carbon, and 
is in every respect well suited for lighting 
about collieries. 

The "Angold" enclosed arc lamp is 
another lamp well suited for colliery re- 
quirements, and can be made to run in 
parallel with any v^oltage from 95 to 250, 
the standard consumption of current being 
600 watts. The lamp burns from 100* 
to 110 hours when carbons of 11 mm. are 
used ; with larger sizes of carbons it will 
burn longer, but the best light is obtained 
when the 1 1-miIlimetre size is used. Fig. 69 
gives a general view of this lamp. 

In most cases it is advisable to place 
arc lamps in such positions that the light 
from one illuminates the shadow areas of 
the other, as it must be borne in mind 
that strong light coming from a single 
source throws deep shadows. 

When arc lamps are used about a coUienr 
where only single shifts are being worked,, 
they will not all be required during the 
greater part of the year, and as soon as 
the season comes round when their use 
can be dispensed with, they ought to be- 
taken down and packed in a box or boxes with some suitable 
packing material, such as wood shavings, and stored in a dry 
place until again required. Leaving the lamps hanging out on. 
the poles when not in use allows the damp to accumulate about 
the lamp and tends to its destruction. 

The standards which support the lamps may be from 18 to» 




Fig. 70. 
Arc Lamp Pole. 
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25 feet high with a cross arm attached from which the lamp is 
suspended. They require to be fitted with a small winch for 
raising and lowering the lamp when necessary. Ornamental 
standards are seldom used about collieries, and good straight 
larch or pine-wood poles are often employed. They ought 
always to be firmly fixed and have a metal cover on top to 
prevent rain soaking into the wood. The arrangement of an 
arc lamp upon such a pole is shown in Fig. 70. 



^./y, //y///y//////////////////A 




Fig. 71.— Roof Fitting. 



Fig. 72.— Side Light Fitting. 



In addition to lighting the surface by means of electricity 
many collieries carry the current down the shafts to the pit 
bottom, and to important points upon the main haulage roads. 
The better light thus obtained at those points greatly facilitates 
the handling of large outputs. 

With ordinary precautions no danger attends this system of 
lighting, and it might be adopted to a greater extent than it is. 

Under such circumstances incandescent lamps are invariably 
used, their voltage being suited to that of the circuit, and 

7 
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their candle-power, varying from 8 to 300, according to require- 
ments. 

These lamps may be fixed to the roof of the mine, or at the 
side, either close to the wall or projecting for some distance. 
Or they may be merely suspended and fitted with shades in the 
ordinary way, or enclosed in special fittings to protect them 
from injury. These fittings vary according to the position of 
the lamp. Fig. 71 shows a common form for fixing next the 
roof of the mine, while Fig. 72 shows a fitting well suited for 
a side light where little room exists, and the lamp has, on that 




Fig. 73.— Side light Fitting. 

account, to be kept as close as possible to the side. Should 
there be sufficient room it is better that the lamp should stand 
out from the side a little, and a fitting suitable for this is shown 
in Fig. 73. 

Another fitting very well adapted for exposed situations, 
either above or below ground, is shown in Fig. 74, where a 
shade is attached, and by this means the greater portion of the 
light reflected downwards. Here again great advantages will 
be derived by having the roof and sides of that portion of the 
mine which is thus lighted well whitewashed. 
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To generate the power required for lighting, it is best to have 
ft separate dynamo, and to use it for this purpose alone. If 
circumstances make it necessary to take current for lighting 
from power circuits it will have to be observed that about 250 
volts is the highest that any incandescent lamp will work 
successfully with, and if the current is at a higher voltage, the 
lamps must be run two or more in series. This is a usual 
method of lighting motor houses underground from the power 
supply main. Should the current be at 420 volts then two 
of 210 volts each, run in series, would be necessary. 




Fig. 74.— Roof Fitting with Shade. 

Where two or more lamps are run thus, they can not be lighted 
separately, but must go on or off together. 

Incandescent lamps have occasionally to be placed in situa- 
tions where they are subjected to considerable vibration. 
Where this occurs lamps specially suited to withstand such 
vibration should be used. The Robertson traction lamp is well 
adapted to suit such circumstances, and can be obtained in 
two forms. In the ordinary type the filament is supported by 
suspending it from a glass bridge placed in the seal of the lamp 
(Fig. 75). Another and smaller form is shown in Fig. 76, 
where two short rigid filaments are placed in series. This 
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renders the lamp suitable for withstanding considerable vibra-^ 
tion, and also for burning in positions where it has to be placed 
with the filament horizontal or oblique. 

When much vibration is experienced the double filament lamp 




Fig. 76. — Robertson Tractiou Lamp. 

is the better one to use, and is better fitted with loops than with 
the ordinary holder. This class of lamp is suited for such places 
as shaking screens, <bc., where lamps with anchored filaments^ 
are of little or no use. 
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The power required for the purpose of lighting the various 
i>uildings and yards about a colliery now comes under con- 
sideration, and when looking to the requirements the colliery 
manager should not lose sight of possible future developments 
;and extensions. 



Fig. 76. — Double Filament Lamp. 

With old collieries this may not be of much consequence, but 
in the case of new collieries it is of the utmost importance, as it 
is much better to have one large plant doing the work than 
ja, number of smaller ones, at least so far as economy in working 
is concerned. At one time it was thought neces^^ary to duplicate 
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electric plant, but, with improvements in manufacture, there is- 
now no more need for this course than for putting in duplicate 
steam engines. 

The first thing to do is to decide upon the amount of light 
required, and the class of lamps to be used for producing it. 
Alte^r this has been done a simple calculation will give the 
power required to produce the light. 

A rough way of putting it is to take twelve 16-C.P. incan- 
descent lamps as equivalent to 1 H.P., and for arc lamps iik 
parallel on a 110- volt circuit about 

1 H.P. for one pair of 600 C.P. lamps. 
liH.P. „ „ 1000 „ 

2 H.P. „ „ 1500 „ 

The exact method of calculation will be shown by the 
following examples : — 

A dynamo is required to supply current to 150 16-C.P. lamps at 200 
volts, and also to feed four enclosed arc lamps, each taking 5 amperes, at- 
100 volte, run two and two in series. What will be the required output of 
the dynamo (a) in kilowatts, and (6) in H.P. ? 

An incandescent 16-C.P. 200- volt lamp takes *3 ampere. 

. •. 200 X '3 = 60 watts per lamp. 

. •. 150 X 60 = 9000 watts for incandescent lamps. 

For arc lighting we have four lamps, each taking 5 amperes at 100 volts. 

. *. 5 X 100 = 500 watts per lamp. 

500 X 4 = 2000 watts for arc lighting. 
Total = 9000 + 2000 = 11,000. 

11 ooo 

.*. {a) Machine must have an output of 11 kilowatts, or (6) —^ar~ 

= 14-7 H.P. 

The above is the actual output that the dynamo must provide, and the 
engine to drive it would require to give ^4*7 B.H.P. in addition to what 
was necessary to overcQme losses in the dynamo itself. An additional 15 
per cent, added to the power should be sumcient for this size of dynamo. 

.-. Actual B.H.P. required = ^^ ^gg ^^^ = H'S. 

The above example takes no account of losses in the mains, 
which would necessarily need to be considered if the circuita 
were of any length. 

The method of finding the loss in volts when a current of given 
magnitude flows along a given size of cable has been treated in 
Chapter i., and need not be again referred to. 

As a further example, which also involves the consideration of the cable 
losses, we may take the following : — 
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Find the size of dynamo required to light the following circuits : — 

(1) 100 16-C.P. 200- volt lamps, mains 200 yards long. 

(2) 30 32-G.F. 200-Yolt lamps, mains 250 yards long. 

(3) 6 arc lamps run two in series, each taking 5 amperes at 100 volts, 
mains 200 yards long. 

Give the output of the dynamo in kilowatts, and find what B.H.P. 
would be required at the dynamo pulley if its efficiency was 90 per cent. 

100 16-C.P. 200- volt lamps taking '3 ampere each require 30 amperes. 
30 32-C.P. 200- volt lamps taking "6 ampere each require 18 amperes. 
6 arc lamps taking 5 amperes each require 30 amperes. 

We see that Nos. (1) and (3) circuits are each 200 yards long, and have 
to carry 30 amperes ; referring to the table in Chapter i. we see that a 7/15 
cable carries 29 amperes, which is the nearest to what is wanted, and that 
the resistance of this size of cable is 1 '498 ohms per mile. 

. *. 1*498 X 29 amperes = 43*4 volts lost in 1 mile. 

By simple proportion we find the loss in 200 yards thus — 

43-4 X 200 - ,^ , 
j^gg — = 6 volts nearly. 

For No. (2) circuit, which is 250 yards long, and has to carry 18 amperes, 
we see, on referring to the table, that a 7/17 cable will carry 17*6 amperes, 
which is nearest to what is wanted ; the resistance of this wire is 2*477 
ohms per mile. 

2*47 X 17*6 amperes = 43*47 volts lost per mile. 

250 X 43*4 
.*. for 250 yards we have — Tnajn — = 6*2 volts nearly. 

We thus see that the dynamo will require to give 206 volts at its 
terminals, and the total amperes is30 + 18 + 30a78. 

.*. Watts = 78 X 206 = 16,068. 

The dynamo will therefore have to give an output of 16 kilowatts. This 
is 90 per cent., or ^ of the energy that must be supplied to the dynamo 
pulley. 

16,068 X 10 o^ T> in> 1 

.*. 746,9 = 24 B.H.P. nearly. 

The class of engine used to drive the lighting dynamo will 
depend upon the size of the lighting plant, and upon the avail- 
able steam pressure. Where the pressure is over 90 lbs. per 
square inch and the plant of fair size, a compound engine will 
be the most economical. Where the plant is of very small size, 
or where the steam pressure is under 90 lbs., there is not much 
to be gained by compounding, and the extra capital involved 
would not be covered by the saving. In such a case an engine 
of the ordinary horizontal type, fitted with automatic expansion 
gear controlled by some high-class governor, by means of which 
just the required quantity of steam for the work to be done is 
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used, will be the more suitable engine. Should it be possible 
to condense the exhaust steam, compound engines may be 
economical even when the steam pressure is as low as 75 or 
80 lbs. per square inch, but this will only be the case when the 
engines are running under a steady load. Should the load on 
the dynamo vary much, then compound tmgines may not be 
economical unless under much higher pressure — 120 lbs. per 
square inch and upwards. 

It sometimes happens that an old engine may be available 
about a colliery for driving the lighting plant. In such a case 
the engine should be fitted with a good governor, such as the 
" Pickering," so that its speed may readily respond to variations 
of the load. 

Direct coupled fast-speed engines are used in some cases, but 
there is no doubt that a belt- or rope-driven plant gives more 
satisfactory results over a long continued period of working. 
When belts are used the joint should always be spliced flush, 
cemented, and sewn, as projections on the belt causes fluctua- 
tion of the speed, and consequently flickering of the light. For 
the same reason, engines must be fitted with a fiywheel of 
sufficient weight to secure steady running. 



EXAMPLES. 

1. How many 50-C.P. lamps, each taking 3*5 volts ]per C.P., can be run 
off a, dynamo giving 10 effective E.H.P. ? Neglect loss m mains. — Ans. 42. 

2. A dynamo is required to supply current to 300 16-C. P. lamps at 200 
volts, ana 8 enclosed arc lamps, each taking 5 amperes at 100 volts, run 
two and two in parallel series. What output must the dynamo furnish if 
5 per cent, drop of volts be allowed for? — Ana. 23,157 watts, or about 31 
effective E.H.P. 

3. A dynamo running at a constant speed has to supply current for 200 
16-C. P. 200- volt lamps, the mains being 600 yards long ; and also 60 
32-C.P. 200- volt lamps on another circuit where the mains are 700 yards 
long. What would be the voltage at the dynamo terminals ? What size 
of cables would be used in each case ? What effective E.H.P. would the 
dynamo require to supply? — Ans. 215 volts ; cables, ^ and ^j ; 27*6 E.H.P. 

4. A lamp circuit is supplied at a pressure of 100 volts. There are 42 
lamps, all in parallel, and the hot resistance of each lamp is 150 ohms. 
How much current will the circuit take when all the lamps are on? — 
Ans. 28 amperes. 

5. How many 16-C. P. lamps, taking 4 watts per candle, can be run off a 
dvnamo giving 7 E.H.P. ? Neglect losses in mains. — Ans. 81 lamps. 
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CHAPTER VI. 

PUMPING. 

In most mines water is given off from the strata, and has to be 
-dealt with by means of pumping appliances of some kind. The 
amount of water encountered will vary greatly, but it may be 
taken as a rule that deep collieries are much less likely to have 
large quantities to deal with than shallow ones, the facilities for 
water draining into the workings from the surface being greater 
in the case of the latter. 

Should circumstances render it possible to collect the water at 
the pit bottom, or an intermediate position in the shaft, then 
the pumping may be done by the steam engine direct, as this 
would, in most cases, be the more economical system. The only 
•case where an electrical plant would compare favourably with 
such an arrangement would be where a large central generating 
plant was laid down and driven by the best and most economical 
engines procurable. Such an engine would probably give 1 
H.P. for an hour with a consumpt of under 2 lbs. of coal. 
Allowing for 50 per cent, loss in the conversion of the mechani- 
cal into electrical energy, and vice versd, 1 H.P. per hour would 
be obtained with under 4 lbs. of coal, which is much less than is 
required by many pumping engines. The same conditions hold 
with regard to all other operations requiring power about a 
colliery; many of the smaller engines, such as are used for 
driving screens, <kc., being of types that have a coal consump- 
tion of 10 to 12 lbs. per H.P. per hour, and in some cases even 
more. 

Should the water accumulate in dip workings at some distance 
from the shaft, and require pumps so placed that the power 
necessary to drive them has to be transmitted over a consider- 
able distance, there is no system of transmission that can 
compare with electricity, and it is under such conditions that 
the greater number of electrically-driven pumps are at work. 

Two conditions must be observed in the design of electrical 
pumps, which are of less importance in pumps driven otherwise 
— (1) The speed of the driving motor will be high. (2) To keep 
the driving motor running steady, it is necessary to have a nearly 
uniform resistance. To provide for the first, it is usual to make 
the pumps with a short stroke, so that an abnormally high 
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pumping speed is not reached, even when the pump makes a^ 
large number of strokes per minute. To secure the second con- 
dition, three-throw pumps are widely adopted, as they give an 
lalmost constant flow of water and require a very uniform 
turning moment to be exerted on their driving shafts. With 
such pumps, it is best to have the various parts independent of 
each other, so that in the case of failure of any one of th& 
pumps, it could easily be disconnected and the others run while 
repairs were being carded out. Should the water to be pumped 
be of a corrosive nature, the rams, glands, and stuffing-box 
bushes may be made of gun-metal, as well as the valves and 
valve seats. 

Since a motor of moderate dimensions revolves at a consider- 
able speed, gearing of some kind must be used, or the pumpa 
may be driven by belts. The usual practice is to have a com- 
bination of belt and spur gearing, the belt from the motor 
driving on to a counter shaft, which, in turn, is geared to the 
crank shaft driving the rams by spur gearing. Worm and 
worm-wheel gearing is sometimes used, but is not so satisfactory 
as belt or spur gearing. 

The motor is, in some cases, connected to the pumps entirely 
by spur gearing, and in such cases the spur-wheel on the motor 
shaft is often made of raw hide and works into a wheel with 
accurately cut teeth. This reduces the risk involved in the 
use of toothed wheels when the speed is high. 

Some manufacturers use helical teeth in all the gearing that ia 
put upon their pumps. This adds to the cost of the pumps, but 
gives a very reliable gear. 

At present, nearly all pumps which are intended for electrical 
driving are, where the water has to be forced against more 
than a few feet of head, of the two- or three-throw ram type^ 
In cases where the hes^d is low, centrifugal pumps coupled 
direct to the driving motor may be used with advantage. 

In working pumps of the three-throw ram type, care should 
be taken to provide suitable conditions for the high speed and 
usually somewhat short stroke. High speed means that the 
water both in the suction and discharge pipes will flow at a 
high velocity unless the pipes are made of large area. 

Should the suction pipes be of insufficient area, the water 
may encounter so much resistance to its flow that it is unable 
to follow the ram with the necessary speed, and a vacuum ia 
formed behind the ram at the quickest part of the stroke, the 
water gaining on the ram at the end of the stroke and pro- 
ducing a considerable shock. In the same way, if the water in 
the discharge pipe has too great a velocity imparted to it, a 
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vacuam is formed at the point where the greatest resistance is 
encountered, and a similar shock is produced bj the coming 
together of the two parts of the water-column, which have been 
slightly separated, in this way. Free admission of the water 
at the end of the suction is absolutely necessary, and pipes of 
such an area that the greatest velocity attained by the water 
is not more than 4 feet per second should be used in order 
to prevent such shocks. The use of an air vessel to regulate 
the flow and moderate the velocity is another necessary adjunct 
to pumps of this class. 

The short stroke means that the receiving and discharge 
valves have to open and close a great many times in propor- 
tion to the capacity of the pump, as compared with one having 
a longer stroke. To get the best results, it becomes necessary 
to close the valves immediately the end of the stroke is reached, 
and to prevent water flowing back through them during the 
time of closing. To obtain such results and avoid loss, springs 
are used to press the valves back on their seats, or, as in the 
case of the Riedler pomp, they may be closed mechanically. 
Should neither of these methods be adopted, care should be 
taken that the valve has no more than its proper lift, if the 
minimum of loss posisible under the circumstances is aimed at. 
For this purpose, the area of passage should be kept constant ; 
and, to do this, the valve must have a lift equal to one-fourth 
of the diameter of the valve seat. 

To ascertain the quantity of water that a pump will deliver, the follow- 
ing calculation will be useful — 

Let d = diameter of ram in inches. 
L = length of stroke in feet. 
N = number of efifective strokes per minute. 
S = pumping speed = L x N. 
G = number of gallons raised per minute. 

(P X '7854 X S 
Then displacement per minute = ^r^ cubic feet, and since 

1 cubic foot contains 6^ gallons — 

^2 X -7854 X S X 6-25 



Q = 



144 
= d2 X S X -034 



-4 



G 

•034 X S 



The above gives the theoretical result, but in practice an 
allowance has to be made for slip, this allowance being often 
spoken of as the coefflcient of efflciency. 
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Thus, if the actual discharge is ^ of the theoretical, f is the coefficient. 
'The coefficient of useful eflect may be taken at about 85 per cent. 
Taking this into account, the formula now becomes — 



d 



-1 rj 

•85 \ 034 

4 



or, cZ=1176 ' ^ 



•034 X S 

The actual pumping speed for pumps of suitable construction 
for driving electrically may be from 30 to 150 feet per minute, 
the smaller sizes running at the higher speed, the larger running 
at the lower speed. 

The motors used for driving pumps are usually of the com- 
pound type, as they will not run away should the pump lose its 
water. Enclosed motors are often used because of the damp 
situation of the pumps ; it is better, however, to use open motors 
where the situation will admit, as less trouble is experienced 
with them. Shunt- wound motors have been used, but may 
-cause trouble where enclosed, by the field resistance rising as 
the machine gets hot, and thus increasing the speed and the 
armature current. The addition of a few turns of series winding 
to such a motor would do away with any difficulty of this kind. 

The following particulars regarding one or two pumping 
plants have kindly been furnished by Messrs. Scott & Mountain. 
The pumping installation at Milnwood Colliery, Bellshill, N.B., 
consists of a Tyne shunt-wound dynamo, constructed to give an 
output of 350 volts and 34 amperes. The machine is fitted with 
a sliding bed plate enabling the slack of the belt to be taken up 
while the dynamo is running. The current from the dynamo is 
taken to a double-pole main switch, and is then conveyed by an 
overhead cable of 2600 yards length to the pumps, which are 
placed in a pump house by the river. 

The pumps are of the three-throw ram type, the rams being 
6-inch diameter with 9-inch stroke, and are capable of delivering 
120 gallons of water per minute when running at a speed of 
40 strokes per minute. 

The three-pump bodies are separate castings, each similar in 
design and interchangeable; each pump is fitted with a gland 
bushed with gun-metal, and the stuffing boxes are also bushed 
with the same material. Suction and delivery boxes are all 
made as separate castings fitted with gun-metal valves and seats, 
the valves being of extra large diameter to ensure an easy 
passage for the water, and each valve being fitted with an 
adjusting gear so that the lift can be regulated. 
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The connecting pipes both on the delivery and suction side 
are also separate castings, and an air vessel is fitted on the 
delivery branch. The object in constructing the pumps in this 
manner is to prevent any possibility of a total breakdown. 
Fig. 77 shows these pumps. 

The rams are of gun-metal and are attached to slipper guides 
working in guide plates forming an oil-bath, and thus providing 
continuous lubrication. 

The connecting-rods, crank shaft, and counter shaft are of 
steel, all fitted wih extra long bearings to avoid wear and tear. 




Fig. 77. — Milnwood Pumps. 

The power from the motor is transmitted to the pumps through 
a pair of spur wheels, a pulley being mounted on the outer end 
of the counter shaft to receive the driving belt from the motor. 

The motor is capable of giving 13 effective H.P. at a speed of 
about 700 revolutions per minute. The machine is mounted 
upon a cast-iron sliding bed plate, so that the slack of the belt 
can be taken up while the motor is running. 

A starting switch is provided, so that the motor can be- 
stopped or started slowly, and all shock taken off the pumj»s.. 
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This plant has been at work for several years and has given 
every satisfaction. 

What is perhaps the largest pumping plant in existence has 
been laid down at Arniston Colliery near Edinburgh. 

The generating plant consists of two compound long stroke 
Robey engines, the diameter of the high-pressure cylinder being 
16 J inches and that of the low-pressure 26^ inches. The length 
of the stroke is about 3 feet, and they run about 84 revolutions 
per minute. Each engine is capable of giving 350 I.H.P. 
with 120 lbs. steam pressure when working condensing, and is 
fitted with Kichardson & Kowland's automatic trip-expansion 
gear. 

The flywheels are each 15 feet diameter and grooved for -nine 
cotton-driving ropes, each rope being If inches in diameter. 
The engines are fitted with barring gear for starting, and also 
with continuous lubricating gear throughout. 

There are two dynamos fitted with drum-bar armatures, each 
dynamo being constructed to give 363 amperes at a pressure of 
550 volts while running about 400 revolutions per minute. The 
dynamos are of massive construction, and are designed for con- 
tinuous running. 

The field mao:nets are of steel of high magnetic permeability 
and are made in three blocks, so that the magnet bobbins, 
which are placed above the armature, can be readily removed if 
required. The magnets are shunt wound, and a resistance is 
provided for the shunt, so that the E.M.F. can be regulated 
when necessary. 

The armature shaft is made in two lengths, one part carrying 
the pulley, running in two bearings, and fitted with coupling 
to which the shaft supporting the armature is bolted. This 
arrangement enables the armature to be removed without 
disturbing driving ropes or pulleys. 

The bearings are adjustable, fitted with bored and turned 
brasses, and lined with white metal, each bearing being continu- 
ously lubricated by means of an oil ring. 

The main switchboard is designed so that either dynamo can 
feed the whole of the circuits, or if required the two dynamos 
can feed together on to the main circuits, or, as an alternative, 
the installation can be divided into halves, and either dynamo 
feed either half. 

The main switchboard consists of an enamelled slate base 
fitted into a strong oak frame, and is mounted with two ampere 
meters each to read to 400 amperes, two volt meters each to read 
to 600 volts, and two recording ampere meters, so that the output 
of each dynamo can be recorded over a given period; two 



PUMPING. 



Ill 



double-pole main switches with double-pole fuses, and two 
special lever switches with sliding contacts to obtain the inter- 
-changeability already mentioned. 

The current from the main switchboard is taken to a dis- 
tributing board at the pit bottom by four cables each 400 yards 
in length. This cable is composed of 37 wires, No. 11 S.W.G., 
and is heavily insulated with vulcanised india-rubber, and 
-armoured over all with steel tape. The object in having four 
cables is to enable the installation to be divided, under ordinary 
circumstances, into two circuits, and, if required, to allow of all 
being coupled together, or in the event of an accident to any one 
<ia,hle the remaining ones being connected up, so that the pumps 
•can still be run. 




Fig. 78.— -Arniston High-lift Pumps. 

The current from the distributing board at the pit bottom is 
•conveyed to one 500-gallon pump by two lengths of cable each 
1130 yards long, or a total of 2260 yards composed of 37 wires, 
No. 12 S.W.G., insulated with vulcanised india-rubber, and 
securely cleated to the props along the main road. 

Another branch is taken from the main distributing board to 
the four 100-gallon pumps, these cables are composed of 19 wires, 
No. 13 S.W.G. This cable is also insulated with vulcanised 
india-rubber. Other branches are taken to the various pumps 
firom the main cables. 
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The pumps consist of one set of the three-throw type, fitted 
with 11 -inch rams with 18-inch stroke, situate at the Gore pit 
bottom, to deliver 500 gallons per minute against a head of 678 
feet; these pumps run at a speed of, approximately, 30 revolutions 
per minute (Fig. 78). 

One set of pumps similar to the above at the Emily pit 
bottom is fitted to deliver 500 gallons per minute against a head 
of 256 feet through 3175 feet of cast-iron pipe. Both of the 
above pumps deliver through pipes 10 inches diameter, tested 
by hydraulic pressure to between 400 and 500 lbs. per square 
inch. 

Three sets of pumps have been installed to the dip, each set 
being capable of delivering 100 gallons per minute against a head 
of 450 feet. These pumps deliver through 1200 feet of pipes 6 
inches diameter. 

The whole of the above pumps are of Scott & Mountain's- 
im proved mining type, and are fitted with gun-metal rams, inter- 
changeable pump barrels, and valve boxes, suction and delivery 
pipes, branch pipes, and air vessels. 

The pumps are fitted with outside slipper guides and adjust- 
able crossbeads, together with steel connecting-rods, forged steel 
crank shafts running in four bearings, and driving wheels and 
pulleys. 

The large pumps are fitted with double driving wheels and 
pulleys, each set of gear being of sufficient size to transmit the 
power. 

For driving the high-lift pump, which delivers 500 gallons 
per minute against a 678-feet head, two 80-H.P. electric motors 
are provided, the speed being about 450 revolutions per 
minute. 

These motors are coupled together (Fig. 79), and are con- 
structed so that the armatures will be interchangeable with the 
single 80 H.P. motor of the low-lift pump. The second set of 
pumps are driven by a single motor of 80 H.P., which also runs 
about 450 revolutions per minute. 

The power from the motors to the pumps is transmitted in 
. each case by driving belts. The two large pumps are driven by 
double belts each 15 inches wide, and the three smaller sets by 
belts 8 inches wide. 

Each of the motors is fitted with a liquid starting switch, 
which enables the motors to be started without shock, and 
allows of the speed being regulated as required. 

The general position of the various pumps is shown in the- 
accompanying sketch (Fig. 80). 
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One objection that has been urged against electricity as a 
motive power for pumps is the difference in speed between the 
pump and the motor, which renders necessary the interposition 
of some form or other of speed-reducing gear. The nature of 
the work tells heavily on the gear, and in many cases renders it 
very liable to breakage. To overcome this difficulty pumps 
suitable for gearing direct to the motor have been designed. 
Such pumps ought to be more economical than those on which 
gear has to be employed, provided that other conditions are 
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Fig. 80. — Diagram of Pumping Arrangements at Amiston Colliery. 

A = 500-gallon pump, 11 inches diameter IS-inch stroke, with 80 H.P. 

motor. 
B = 500-gallon pump, 11 inches diameter 18-inch stroke, with two 80- 

H.P. motors. 
C = lOO-gallon pump, 6 inches diameter 9-inch stroke, 25 H.P. motor. 
D = lOO-gallon pump, 6 inches diameter 9-inch stroke, 25 H.P. motor. 
E = lOO-gallon pump, 6 inches diameter 9-inch stroke, 25 H.P. motor. 
L L = Lodgments. 

similar. Economy of power, however, is not always the most 
important consideration that the mining engineer has to attend 
to, the question of maintenance and repair being of equal or 
even greater importance, and the inconvenience of interfering 
with the working of the colliery during enforced stoppage of the 
pumps being one especially to be guarded against. 
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The Hatfield pump is one which has been designed for con- 
necting direct to the motor, and consists of three pump barrels 
arranged round the motor shaft, each pump making an angle of 
120** with the other. The pump has an extremely short stroke 
which is about an inch, the speed being from 600 to 700 revolu- 
tions per minute. 




Rubber CuihtBrnf} 
ffti 



Casinq 



Fig. 81. — Section of Riedler Express Pump. 




Fig. 82. —Plan of Riedler Express Pump. 

Disc valves of india-rubber are used, and the starting of the 
pump against a head of water is rendered easier by providing 
a bye-pass valve between the suction and delivery water passages. 
The size of the pump barrels differs in the various pumps accord- 
ing to the nature of the work required. 
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The construction of the pump is very simple, and the test of 
time alone will show whether it is liable to break down or 
otherwise. Should wear and tear prove inconsiderable there 
is little doubt that it will find a ready acceptance among mine 
owners. 

Another pump suitable for running at a high speed is the 
Riedler express pump, the latest form of which is shown in. 
Fig. 81, which is a section of this pump, and of which Fig. 82 
is a plan. 

In this design there is a barrel, A, within the main pump 
body, B, the head or end of the barrel, A, forms the delivery 
valve seat, which may be part of the barrel or fitted on to the^ 
same. The delivery valve is supported upon a stem, which 
extends through the back cover, C, by means of a screw set up 
on this stem the whole of the internal parts are secured in 
position. After removing the back cover any one of the parts 
within the pump body may be withdrawn for inspection. 

Arrangements are provided for connecting the suction and 
discharge pipes to either, or both sides of the pump if required, 
the openings in the pump body that are not required being 
fitted with blind flanges. 

The pump is single-acting in each plunger. The suction 
chamber is contained in a casting extending round the plunger, 
and connecting the guide section to the pump body, upon which 
a suction air vessel is mounted. The sleeve gland containing 
the plunger extends through this suction chamber, up to the 
back of the suction valve seat, forming a water-tight joint 
between them.» The suction valve is supported in an annular 
ring, which also guides the valve, and at the same time limits 
the opening according to the amount desired. The plunger is 
extended through the valve seat and valve, and the end turned 
down and fitted with closing ring or buffer, so adjusted that 
when the plunger is at the extreme end of the stroke the buffer 
has brought the suction valve down to its seat. The delivery 
valve is spring-loaded by means of a rubber ring. 

The pump is designed to deal with heads of water up to 200 
fathoms vertical, and where electrically driven should be of the 
three-throw type. 

The maximum speed of these pumps is about 350 revolutions 
per minute. 

If they are coupled direct to the motor one of comparatively 
large size will be required on account of the low speed, but thi& 
is not an absolute necessity, as spur gear can he used ; and, as 
will be seen, the high speed of the pump reduces the gear 
required to a minimum. 
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These pumps have been adopted in a large number of mines 
in Germany, and are giving every satisfaction. For a given 
-capacity they occupy little space, which means less expensive 
foundations, and less excavation should the pumps require to be 
placed underground. Their volumetric effect, as well as their 
mechanical efficiency, are both very high, features which are 
much in favour of this pump. 

Any of the various types of differential Kiedler pumps can be 




Fig. 83. — Single Differential Belt-driven Riedler Pump. 

driven electrically if suitable connection with the motor be 
arranged, as the construction of the pumps is such that they 
present a uniform resistance to driving, a feature of importance 
where electric motors have to supply the power. 

A single differential Riedler pump, having a capacity of 630 



118 



ELECTRICAL PRACTICE IN COLLIERIES. 



gallons per minute against a 65 feet head, and suited for driving 
by belt gear from a high-speed motor, is shown in Fig. 83. 

Gentrfitigal Pumps. — These pumps may be considered as water 
fans, and their action may be described as follows : — 

Inside a circular casing, C (Fig. 84), are placed blades, which 




C = Casing. 



Fig. 84.— Centrifugal Pump. 
I D = Discharge. | 



S = Suction. 



are capable of being revolved, and which are curved both at the 
centre and at their circumference. When the pumps are run 
air is driven out, and water flows into the centre of the re- 
volving disc. This is expelled outwards by centrifugal force, 
passes off through the discharge pipe, D, the arrows in the 
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diagram showing the direction of the flow. The force with 
which the water leayes the blades will depend upon the centri- 
fugal force developed by the revolving disc, which again is 
dependent upon the motor which drives the pump. Ar the 
water flows from the centre a partial vacuum is produced which 
causes the water to rise up in the suction pipe to the pump. 
These pumps work best with a short suction pipe, or, better 
still, if the pump itself is partly under water. With electricity 
as the motive power this would hardly be practicable, but the 
suction pipe should always be of short length. The water is 
admitted to the revolving disc upon both sides, and after being 
driven to the extremities of the blades passes off into an annular 
space, from which it finds its way into the delivery pipe. This 
class of pump is best suited for lifts of about 20 feet or there- 
abouts, although this is not by any means its limit of application. 
Centrifugal pumps have to be designed in such a way that 
neither eddies nor broken water occur during pumping; the 
vanes must be set at such an angle that the water enters and 
leaves the wheel without shock, and the sectional area of the 
water passage through the wheel must be constant. In practice 
the maximum speed of the water is not allowed to exceed 450 
feet per minute. 

To ascertain the size of such a pump when a known quantity of water 
has to be dealt with the following formula may be used : — 

Let d = diameter of suction and discharge pipe in inches. 

,, w = weight of water in lbs. per minute. 

, , G = number of gallons of water per minute. 

„ V = volume of water in cubic feet per minute. 

,, D = diameter of wheel in feet. 

,, H = height water is delivered in feet. 

,, N = number of revolutions of wheel per minute. 

Then d = '255 JG = -6: S Jv = -081 Jw. 

In practice the diameter of the wheel is generally from two and a-half to 
three times the diameter of the suction pipe. 

ThenN = K^? ; 

where K is a constant whose value is taken as 153 for small pumps, and 
187 for large pumps. 

As the water leaves the wheel of such, a pump it is possessed 
of a radial velocity, as well as a velocity in the direction of 
motion of the wheel, but this velocity being the component of 
the other two velocities is the only one that has to be considered 
in estimating the work done by the pump. 
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Take the following as an example : — 

A centrifugal pump discharges 180 cubic feet of water per minnte, its 
component velocity in the direction of motion of the rim being 25 feet per 
second, while the rim itself travels at 30 feet per second. Find the 
theoretical H.P. required to drive the pump. 

Three cubic feet of water are moved per second, the mass therefore 

3 X 62*5 
= ~ ooTn — » ^2*5 being the weight in lbs. of 1 cubic foot of water, and 

32*2 the acceleration due to gravity. 
This multiplied by the efifective component gives 

321^1^ = 145-5 lbs.. 

which is the momentum lost by the wheel per second. The work done per 
second will be this force multiplied by the speed of the wheel. 

145*5 X 30 = 4365 foot-lbs. per second, 

, „ T3 4365 X 60 o TT T> 1 

and H.P. = ^33^- = 8 H.P. nearly. 

The work done per pound of water is 

Foo t-lbs, of work per seco nd _ 4365 _ oo.o f* lUa 
Weight of water per second "" 3 x 62*5 ~ * ** 

i.e., this energy would raise a pound of water to a height of 23*3 feet. 

The efficiency of such pumps depends on the lift. With lifts 
of only a few feet, it is usually about 50 per cent. By increasing 
the lift the efficiency increases until, with about 20 feet, the 
efficiency reaches about 70 per cent.; beyond this, any increase 
in the height of lift decreases the efficiency until about 48 feet 
or so is reached, when the efficiency again becomes about 50 
per cent. 

The power required to drive such a pump can be found by 
dividing the foot-pounds per minute required to raise the water 
by the product of the efficiency and 33,000 — i.e., 

Foot-pounds expended in raising the water 
E X 33,000 * 

The following may be taken as an example : — 

A centrifugal pump has to raise 900 gallons of water per minute to a 
height of 36 feet vertical. Find the size of the discharge pipe, the 
diameter of the pump wheel, and the number of revolutions per minute ; 
also, the B.H.P. of the driving motor. 

By formula, d = -255 JG = -255 J900 = 7*65 inches. 

Taking the wheel to be approximately two and a- half times the diameter 
of the discharge pipe, its diameter would be 18 inches or 1 '5 feet. Then 

N = 163 X ^ = 153 X 4 = 612. 
1*5 

At 36 feet head the efficiency would be about 60 per cent. 
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The work done is 900 x 10 x 36 = 324,000 foot-pounds per minute. 

T> TTTD * 4. 324,000 X 100 __ , 

B.H.P. of motor = -gg-^ooVecr = ^^ *' 

In many collieries, quantities of very dirty water have to be 
pumped. Where the head is not great, pumps of the centrifugal 
type, coupled direct to the driving motors, may be used. Such 
an arrangement may be adopted underground when conditions 
are suitable, but is more frequently met with in connection with 
the supply of water to coal-washing plant, for which purpose it 
is well suited. 

Pumps of the above-mentioned class are capable of pumping 
water containing large quantities of suspended mud and gritty 
matter without injury, and, as they run at high speeds, they can 
always be coupled to the motor shaft direct. With low heads, 
these pumps are very efficient, and their first cost is low, since 
high-speed motors can be employed without the use of gear of 
any description. 

In the Electrical Review,''^ Mr. W. C. Mountain refers to 
an installation of this type which was adopted to clear a flooded 
mine, and of which Fig. 85 is an illustration. 

The pumping capacity of this plant was 1000 gallons per 
minute against a head of 150 feet, the speed being 700 revolu- 
tions per minute. The motor was one capable of giving 100 
H.P., but was intended for use in connection with the permanent 
pumping plant which was laid down after the mine had been 
drained. The workings were to the dip, which was 1 in 12, and, 
as it was necessary to have the pumps portable, this type was 
adopted. The pumps were shifted every 80 yards, giving the 
extreme height of the pump above that of the water as 20 feet, 
which represents the total height to which the water was raised 
through the suction pipe. As will be seen from the illustration, 
the pumps were duplex, as it was necessary to run two in series 
to raise the water the required height. By the use of three 
pumps run in the same way, a head of 200 feet could be dealt 
with. This method of running of the pumps in series is required 
to raise the water against any considerable height, and consists 
of running the water through the different pumps one after the 
other, thus enabling the pumps to discharge their water against 
greater heads without abnormal increase of the velocity of their 
pump vanes. As the centrifugal pump has no valves and does 
not pump any water until the speed of rotation reaches a certain 
point, it starts under no load, and is thus very suitable for 
driving by means of induction motors using polyphase currents. 

* 8th February, 1901. 
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Electrical Sinking Pomps. — Sinking operations have also been 
essayed with pumps driven by electricity, although the condi- 
tions usually met with in sinking a shaft are ill-suited to the 
successful working of electrical machinery. First of all, the 
pumps have to be suspended by a chain, so that they can be 
readily raised and lowered, which means that freedom trom 
vibration cannot be obtained, and, as the motor has to be con- 
nected to the pumps direct by means of spur gear, it must 
suffer to some extent from this vibration. Then there is the 
likelihood of more or less water being found in the near vicinity 
of the pumps, which renders the keeping of the insulation of the 
cables intact a diflGLcult matter, and likewise creates conditions 
unfavourable to the motor itself. In order to protect the latter, 
it has to be placed in a closed casing, which means that, in 
order to keep the temperature down, a more expensive motor 
has to be employed than would be necessary were it possible to 
run open. 

On the other hand, the gear and shaft fittings for such a piirnp 
are reduced to a minimum, as only a suction and discharge 
column of pipes are necessary, the power being conveyed to the 
motor by the cables, which may be kept coiled on a drum at the 
pit top, and provided with an easy connection to the dynamo 
mains, so that no time will be lost in raising and lowering the 
cables along with the pump, and the connections in the shaft 
can always be kept intact. The power required to drive the 
pumps will also be obtained more economically than if steam 
were conveyed to the pumps direct, and will, at the same time, 
save further complications in the shaft. A pump suited for this 
class of work, and known as the Jeanesville, is made by an 
American firm, and consists of a set of three-throw pumps, 
partly enclosed, and fixed to a cast-iron frame which carries the 
reducing gear, the whole of which is enclosed. On the top of 
the mechanism the motor is fixed in a tight cast-iron case, which 
also carries the cable connections as well as the eyebolts for 
connecting the pump to the suspending chain or rope. This 
pump is shown in Fig. 86. 

While electrically-driven sinking pumps are on the market, 
they have not as yet been very extensively employed, and it is 
not probable that they will rise into public estimation very 
rapidly, as conditions are not quite so much in their favour as 
would be the case were it possible to fix the pumps in position. 
This disadvantage will in many cases deter engineers from using 
them in preference to some of the other better known systems of 
dealing with water during sinking. 

In regard to the relative advantages of pumping, by electricity 
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■or other means, certain important points must be considered, 
and it might be well to note some of the more essential. In the 
first place, the plant should always have ample capacity for 
dealing with larger quantities of water than are generally met 
with. This should be ascertained by careful measurements, and 
the best method is to have a fair margin of power which could 




Fig. 86. — Jeanesville Sinking Pump. 

"be {employed in the event of flooding, from whatever cause this 
might be due. 

Storage capacity is also of importance, as it allows the pumps 
periods of rest, and leaves time for repairs should such be 
necessary. 

In cases where large quantities of water have to be dealt with, 
it might often be an advantage to put down two sets of pumps, 
either of which would be able to deal with the water under 
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ordinary conditions, the plant being so arranged that both could 
be run simultaneously if required. Such a plant would have a 
greater first cost, but would last longer than if one only were 
employed, and would at the same time secure greater immunity 
from stoppage due to accident. It must be clearly understood 
that the author does not advocate this course as being peculiarly 
necessary with electrically -driven pumps ; it is a method which 
should be observed no matter by what means the pumps are 
driven. 

Should plant be placed underground, the size of the largest 
piece will depend on the appliances available for handling it^ 
and the capacity of the shaft and roadways through which it 
must be conveyed. Furnished with data respecting these con- 
siderations, the designer of the pump will be able to construct 
a machine that will occasion the minimum of trouble in getting 
it into position. 

Another most important point is the power required to work 
the pumps ; this should always be largely in excess of the actual 
work done by the pump, as it must be borne in mind that 
friction is greatest just before motion takes place, and also, if 
the pump has to start under full load — i.e., with the discharge 
columil full of water — it must be remembered that water is 
possessed of inertia, which will have to be overcome, and that 
consequently the power required to start the pump is in excess 
of that required to keep it running once it has been set in 
motion. Since an electric motor does not give out its full 
power at starting until its speed has come up to the require- 
ments of the design, such a motor will require a large margin of 
power if starting has to take place safely and easily under full 
load, and the author would recommend that not less than 50 per 
cent, be allowed. This is no drawback to the after working of 
the motor, as the larger the motor the higher the efficiency, and 
as motors only take current in proportion to the work they are 
doing, no increase in the working cost will follow the use of 
such a motor, even should it be kept working considerably 
under load. 

The author has come across a number of cases where electric 
pumps have been installed without due regard being paid to the 
above conditions regarding their starting, with the result that, 
in each case, part of the water has had to be run off the column 
before starting could be carried out safely, or a bye pass had to 
be made between the tail and discharge pipes, fitted with a 
valve which was opened on starting, and closed gradually as the 
speed of the pumps approximated to the normal. Conditions 
such as these are sure to lead to trouble sooner or later, as 



126 ELECTRICAL PRACTICE IN COLLIERIES. 

neglect of the necessary precautions when starting is likely to 
cause break down. 

What makes the matter worse is that nearly all other forms 
of pumps can be started against the full head, without any 
preliminary precautions whatever, and the average workman in 
charge thinks that electrically-driven pumps should do the same, 
hence we have a fruitful source of trouble should the motor be 
installed too near its work. There is little doubt that many of 
the installations which have been put down with too little 
starting power have failed again and again, and such failures, 
instead of being ascribed to their true cause, have been used as 
an argument against the use of electricity as a motive power in 
general, and has to some considerable extent prevented the use, 
or at least delayed the adoption, of electric plant in many situa- 
tions about collieries, where its application would have been 
accompanied with the very best results. 

The situation of pumps is another matter that should always 
be very carefully considered, and the pumps should be so placed 
that they are in a good position for their work, not too high 
above the level of the water to be raised, and enclosed in such 
a way as to be free from accumulations of water standing about 
the floor, easy of access for repairs, and placed out of the way of 
the general traflGLc of the mine. Where electric pumps are 
placed at a shaft bottom, the house prepared for them should 
have a gentle slope towards the bottom, and the seating should 
be raised about a foot or so above the floor level as this tends to 
keep everything dry. The position of the pump should also be 
such that in the event of stoppage and water rising, this should 
be able to pass away and fill any dip workings that might exist 
before rising to such a height as to interfere with the motor. 
In such a case, even in the event of an enforced period of 
stoppage, all available space would be filled with water before 
the pumps were flooded out. 

When pumping has to be done from some place where it 
becomes necessary to change the position of the pumps at 
frequent intervals, such as at the face of a dip during driving, 
portable pumps would be an advantage. Such pumps, of which 
Fig. 87 is an illustration, are mounted on steel girders which 
are fitted with wheels set to the same gauge as the colliery 
tubs, thus enabling the pumps to be shifted from place to place 
about the pit with little trouble. The plant shown is of the 
double-throw ram type, the rams being 6 inches in diameter 
with a 10-inch stroke, and geared to run at a speed of from 50 
to 60 strokes per minute, the driving gear being a combination 
of belt and spur wheel. The motor is compound-wound, and 
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sits on the same seat as the pumps, being placed immediately 
behind them. This plant as shown was laid down for the 
Newton Coal Company, Acklington, by Messrs. Scott <fe 
Mountain. Where pumps of this class are in use, a drum con- 
taining a sufficient quantity of cable (which should be double) 
to allow the pumps to be shifted from point to point without 
jointing the cable too often, is a useful auxiliary to the arrange- 
ment. The motor-starting switch and resistance should be 
placed on the same carriage, as this course is preferable to fixing 
it anywhere along the side. A switch should always be put 
into the circuit in such a way that it can be used for opening 
the circuit should the generator stop, or if it becomes necessary 
to do something to the motor when an opportunity presents 
itself, as this would act as a safeguard against a possible shock 
being given to the attendant should the circuit remain closed. 
This switch would only be used for the purpose indicated, and 
the motor would be set in motion and stopped by means of it& 
own starting switch in all cases. 

For all forms of electrical pumping about a mine, where ^lant 
is installed for that purpose, a voltage of 420 at the generator 
can be adopted with safety and economy, under most circum- 
stances, and it should always be borne in raind by the purchaser 
of electric plant that, although high speed in the motor reduces 
first cost, it is seldom that economy follows the use of high 
speeds, especially where much power has to be transmitted, and 
speeds varying from 500 to 700 revolutions per minute, accord- 
ing to the power of the motor, are, in the author's opinion, best 
suited to the usual conditions of pumping met with in average 
mines. The pumps should be substantially fitted in all respects, 
and should be provided with ample bearing surface at all bear- 
ings, and fitted with the best appliances for lubrication. When 
the pumps are used to force water to a height of more than about 
160 yards, it is considered good practice to provide double 
gearing for them — i.e,, spur wheels on each side of the shaft, and^ 
by preference, such gear should be machine cut. 

Where small pumps are at work pumping water from a sump 
or lodgment, and where the presence of an attendant during the 
whole time of working would be too ex[>ensive, the current can 
be made to stop the motor automatically when the surface of the 
water is lowered to a given point, and also to start it again, 
when the water has risen to the desired height. This is done by 
a float connected to a switch in such a way that when the water 
carrying the float reaches a pre-arranged point a projecting lever 
is moved so as to throw over a weight which opens the circuit. 
The circuit is closed in the same way when the water rises to 
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the desired point, the motor being started with a resistance in 
circuit with the armature to prevent damage. As the motor 
gets up speed this resistance is gradually cut out. Such an 
arrangement is shown diagramm^tically in Fig. 88, and can only 




Fig. 88. — Automatic switch. 

be worked safely when the motor circuit remains continually 
closed, otherwise there is risk to the motor. It has already been 
pointed out that in the case of discharge or suction pipe the 
velocity of the water should not exceed 4 feet per second, as it 
is liable to interfere with the proper working of the pump, and 
at the same time it increases the frictional resistance to flow in 
proportion to the square of the speed. The frictional resistance 
to the flow of water in a pipe will vary with the nature of the 
inside surface, and also with the bends on the column, should 
such exist, but the following tables may be of some use as giving 
the approximate loss of head in feet for every 100 feet of pipes 
that the water passes through : — 
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Inside Diameteb of Pipe dt Inches. 



Velocity in Feet 


1-inch Inside. 


2-inch Inside. 


8-inch Inside. 








per Second. 










Loss of Head in 


Loss of Head in 


Loss of Head in 




Feet. 


Feet. 


Feet. 


2 


2-37 


118 


•79 


2-2 


2-8 


14 


•93 


24 


3-27 


1-63 


109 


2-6 


3-78 


1-89 


1^26 


2-8 


4-32 


216 


144 


3-0 


4-89 


244 


162 


3-2 


5-47 


273 


1-82 


3-4 


6-09 


306 


204 


3-6 


6-76 


3-38 


2-26 


3-8 


7-48 


374 


249 


4-0 


8-2 


41 


2-73 




4-inch Inside. 


5-inch Inside. 


6-inch Inside. 


2 


•69 


•47 


•39 


2-2 


•70 


•66 


•46 


2-4 


•81 


65 


•64 


2-6 


•94 


•75 


•63 


2-8 


108 


•86 


•72 


30 


1-22 


•97 


•81 


3-2 


1-37 


109 


•91 


3-4 


r62 


1-22 


102 


3-6 


1-69 


136 


113 


3-8 


# 187 


149 


125 


4-0 


206 


1-64 


137 




7-inch Inside. 


8-inch Inside. 


9-inch Inside. 


2 


•33 


•29 


•26 


2-2 


•40 


•36 


•31 


2-4 


•46 


•41 


•36 


2-6 


•64 


•47 


•42 


2-8 


•61 


•64 


•48 


30 


•69 


•61 


•64 


3-2 


•78 


•68 


•60 


3-4 


•87 


•76 


•68 


3-6 


•96 


•84 


•76 


3-8 


107 


•93 


•83 


40 


117 


102 


•91 
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Inside Diambtkb of Pipes in Inches — Coniinued. 



Telocity in Feet 
per Second. 


10-inch Incide. 


U-indi Inside. 


12-inch Inside. 








Loes of head in 


LosB of Head in 


T.ORR of Head in 




Feet. 


Feet. 


Feet. 


2 


•23 


•21 


•19 


2-2 


'28 


•25 


•23 


2-4 


•32 


•29 


•27 


2-6 


•37 


•34 


•31 


2-8 


•43 


•39 


•36 


30 


•48 


•44 


•40 


3-2 


•54 


•49 


•45 


3-4 


•61 


•55 


•51 


3-6 


•67 


•61 


•56 


38 


•74 


•68 


•62 


40 


•82 


•74 


•68 




18-inch Inside. 


14-inch Inside. 


15-inch Inside. 


2 


•18 


•16 


•15 


2-2 


•21 


•20 


•18 


2-4 


•25 


•23 


•21 


2-6 


•29 


•27 


•25 


2-8 


•33 


•30 


•28 


30 


•37 


•34 


•32 


3-2 


•42 


•39 


•36 


3-4 


•47 


•43 


•40 


3-6 


•52 


•48 


•45 


3-8 


•57 . 


•53 


•49 


" 


•63 


•58 


•64 



The following may be taken as as example of the use of the 
foregoing tables : — 

Find the head due to friction of the water in an 11-inch pipe when the 
velocity is 3 feet per second, the length of the pipe being 1200 feet. 

From the tables we see that for 3 feet velocity per second the loss of 
head in an 11 -inch pipe is ^44 per 100 feet. 



1200 
100 



•44 = 5-28 feet. 



This would have to be taken into account in fixing the power 
of the motor, as no matter what the actual head may be this 
additional quantity would have to be added as the power spent 
in overcoming friction at that particular velocity. 

Pipes may be of cast iron, or they may be of wrought iron or 
steel. When of cast iron they are usually made in 9-feet lengths, 
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while longer lengths up to 15 and 20 feet are common when the- 
material used in their construction is wrought iron or SteeL 
Where cast-iron pipes are used they should be well coated with 
pitch both inside and out, as it forms a capital preservative and 
at the same time diminishes the friction of the water. Such 
pipes are best cast on end, as the thickness is then likely to be 
more uniform. Wrought-iron and steel pipes are becoming more- 
common on account of their lower cost, greater security against 
shock, and the greater facilities they a£Pbrd for handling and 
fitting into position. Whatever class of pipe may be used it i& 
of importance to. see that they are put in of ample strength. The- 
following formula will give the necessary thickness : — 

Let P = pressure of water in lbs. per square inch = head in feet x *434. 
,, d = diameter in inches. 
,, < = thickness in inches. 
„ F = factor of safety, say not less than 6. 
„ T = tensile strength of material. 

The tensile strength of cast iron is about 16,000 lbs. per square inch. 
,, ,, wrought iron ,, 48,000 „ „ 

,, „ mild steel „ 60,000 „ „ 

Then thickness = — ^ — = — 
2 X T 

In practice cast-iron pipes are not made of less thickness than § of an- 
inch no matter how small the pressure they have to stand, for thicknesses- 
above f the formula given above would hold good. 

As an example of the use of the above formula the following may be- 
taken : — 

Find the thickness of a cast-iron pipe, 10 inches diameter, to stand the 
pressure due to a head of 600 feet. 

Here P = 600 x -434 = 260*4 lbs. 
d = 10 inches. 
F = 6, say. 
T = 16,000. 

rrv ..u- 1 260-4 X 10 X 6 .^ . , 1 . , 

Then thickness = — ^ — ^^ = '49 inch, say J mch. 

For the same conditions should wrought iron be used, the pipe would 
have a thickness of about i of an inch since its tensile strength is three 
times as great. 

The power required to drive pumps will vary with the 
circumstances, but the following examples may be taken as 
illustrative of the method of ascertaining the size of motor ^nd 
pumps to perform a given amount of work under certain specified 
conditions. 
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Two hundred and forty gallons of water per minute has to be raised to a 

lieight of 300 feet vertical. Find the size of three-throw pumps required, 

the horse-power of driving motor, and the number of amperes of current 

required, with 400 volts at the motor if motor efficiency is 90 per cent. 

240 
Pumps being three-throw each pump will raise -s- = 80 gallons per 

minute. ^ 

By formula <i=l-176^_«^ 
taking S as 60 feet per minute. 

80 
•034710^ = 7-36, say 74 inches. 

With this diameter of ram the stroke might be 12 inches, in which case 
the crank shaft driving the rams would require to make 60 revolutions per 
minute. The work done would be equal to that of raising the water 
through 300 feet. Since a gallon of water weighs 10 lbs., and 240 gallons 
have to be raised per minute, the work done will be 240 x 10 x 300 = 720,000 

ft. -lbs. per minute, and H.P. = ^7^ = 21 '8, say 22 H.P. To allow for 

friction and inertia* of water at starting add 50 per cent, and we havc^ 
33 B.H.P. to be given at the motor shaft. 

Since the motor has 90 per cent, efficiency, and the voltage is 400, the 
amperes required will be as follows : — 

Amperes x 400 = ^^^ ^ ^ ^ ^^ = 68*3, say 69 amperes. 

As a further example of dealing with water from dip workings the 
following may be taken : — 

Ninety gallons of water per minute has to be raised from the bottom of a 

dook which is 400 yards long, the dip being 1 in 6, what size of pumps 

will be required, and what the horse-power of the driving motor ? If the 

flow of water in the discharge be about 3 feet per second what will be the 

■size of pipes required ? 

90 
Adopting three-throw pumps we have ^ = 30 gallons per minute for each 

pump. ^ 

Suppose slip leakage, &c. , to be 20 per cent. , then 30 + i of 30 = 36 
gallons to be calculated for. 

Taking 60 feet per minute as the pumping speed the 

^ = V^o3^ = V-oifl^ = *'^'' ^y ^ •'"'''*'• 

Taking an ordinary proportion the length of stroke might be 8 inches, 
then the number of revolutions of the crank shaft would be 90 per minute. 

The size of discharge pipes would come in as follows : — 90 x '16 = 14*4 
•cubic feet per minute. 

K D represent the diameter of discharge pipe in inches then area in 

, ^ Da X -7854 
fiquare feet = — r^r 
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This, multiplied by the velocity of the water in feet per minute, is equal 
to the quantity discharged in cubiq feet per minute. 

.-. ^iL-785*, 60x3 = 14-4, 
144 

I 14*4 X iS 

Pipes would be 4 inches diameter, and from the tables we see that a pipe 
of this size loses 1 -22 feet of head per 100 feet of pipe when velocity is 

3 feet per second. Thus loss of head due to friction of pipes = rrrjr 

= 14-64 feet, say 16 feet. ^^ 

Work done in raising water, including the above loss, is 

/400_x3 ^ i5\ X 90 X 10 = 229,500 ft. -lbs. per minute, 

and i^ ^ot by multiplying the vertical heieht in feet, including that due 
to friction by the weight of the gallons raised per minute in lbs. , which 
gives foot-pounds per minute. 

To allow for friction of gear, starting, Ac., add about 60 per cent., this 
will give a motor of about 10 B.H.P. as the size required. 
Such a motor will be of ample strength for the work, and might run about 

630 

630 revolutions per minute, at this speed the gear would be -^ ; that is, 

7 to 1. ^" 

Suppose that in the above example the motor has an eflBiciency of 80 per 
cent. , and it has to be supplied with current at 380 volts, what size of 
cables would you put in ? What would be the voltage at the pit bottom, 
and how many amperes of current would the motor require ? 

Ten B.H.P. is required, and this represents 80 per cent, of the current 
energy. 

10 X 100 _ amperes x 380 
80 ~ 746 

10 X 100 X 746 „. - 
Amperes = 330 x 80 = ^^' 

On consulting the tables given in Chapter i. we find a cable of 19/19 will 
carry this current safely. Since the pump is 400 yards from the pit 
bottom the cables will have a total length of 800 yards from that point, 
and the drop in voltage will be 24*5 x 1786 = 44 volts per mile nearly, 

which for 800 yards gives — = 20 volts. 

The voltage at the pit bottom will thus be 380 + 20 = 400. 

The efficiency of electrical pumping installations, taken as a 
whole, differs widely in different cases, but may be taken as 
from 45 to 75 per cent, according to conditions. Under ordinary 
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circumstances, with not too great a distance between the pumps 
and the generator, an average of from 55 to 60 per cent, should 
be obtained. 

Alternate currents are now being applied to the driving 
of pumps, three-phase motors being the class generally used. 
Where adopted, good work is, as a rule, being done, and the 
future will see a more extended use of the system, especially in 
cases where power has to be carried over long distances. The 
principle of the action of three-phase motors has already been 
dealt with, and, where they are applied to pumping, the con- 
struction of the pumps in no way differs from that of those 
driven by the continuous current motor. 



EXAMPLES. 

1. Find the head due to friction in an 8-inch pipe when the velocity of 
the water is 4 feet per second, the length of pipe being 2000 feet. — Ana, 
20-4 feet. 

2. What is the head due to friction in a 4-inch pipe when the velocity of 
the water is 3 feet per second and the length of pipes 500 fathoms ? — Ans, 
36-6 feet. 

3. A cast-iron pipe, 10 inches internal diameter, has to stand a pressure 
due to 80 fathoms head of water. Taking the tensile strength of cast iron 
as 16,000 lbs. per square inch, and allowing a factor of safety of 8, find 
thickness of pipe. — Ans. '52 inch. 

4. What must be the diameter of a pipe to carry .SOO gallons of water 
per minute, if the velocity of the water is not to exceed 3 feet per second? 
— Ans. 7 inches diameter. 

5. Find the thickness of a cast-iron pipe, 12 inches internal diameter, to 
stand the pressure due to a head of 150 fathoms of water, taking the factor 
of safety as 8 and the tensile strength of cast iron as 16,000 lbs. per square 
inch. — Ana. 1*17 inches. 

6. A pump has to raise 180 gallons of water per minute from a dook. 
Find the size of the discharge pipe if the velocity of the water flowing 
through it is 4 feet per second. — Ans. 4*6 inches diameter. 

7. A centrifugal pump has to raise 1000 gallons of water per minute to 
a. vertical height of 25 feet. Find size of suction and discharge pipe, 
diameter of pump wheel, and number of revolutions per minute ; also, if 
efficiency of pump be 70 per cent., find B.H.P. of motor. — Ans. Suction, 8 
inches diameter ; wheel, 20 inches diameter ; revolutions, 460 per minute ; 
B.H.P., 11. 

8. A centrifugal pump has to raise 600 gallons of water per minute to a 
height of 40 feet. If its efficiency be 50 per cent., find the B.H.P. of the 
driving motor, the size of suction and discharge pipe, the diameter of the 
pump wheel, and the number of revolutions per minute. — Ans. 12*1 
B.H.P. , 5*7 inches diameter, 15 inches diameter, 765 revolutions. 

9. A dook pump has to raise 150 gallons of water per minute from a 
dook 750 yards long with an inclination of 1 in 6. Three-throw electric 
pumps are to be used, the pumping speed beins60 feet per minute. Allow- 
ing & per cent, for slip, find size of pumps. What allowance would you 
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make for friction of water in pipes if velocity is 4 feet per second, and 
what power of motor would you use if 60 per cent, be allowed for all losses 
in motor and gearing, &c.? — Ana. Pumps, 5^ inches diameter; stroke, 1 
foot, crank shaft making 60 revolutions per minute ; friction, equal to 50 
feet vertical head ; motor, 38*6 H.P. 

10. In the above question (9) 38*6 is the E.H.P. that must be supplied 
to the motor. If the voltage at the motor is 380, what number of amperes 
will be required, and what size of cables would you xiBeJ—Ans. 76 amperes 
nearly ; cables would do at 37/18 size. 

11. A dook 500 fathoms long, dip 1 in 6, gives off 100 gallons of water 
per minute. Give a description of the electrical arrangement for pumping 
this water, pump to stand twelve hours in the twenty -four. Give the ap- 
proximate H. P. of the motor, dynamo, and engine ; also, the size of cables 
and voltage. — Ana, 62 H. P. for motor, this aUows for 60 per cent, addi- 
tional work; pumps, three-throw 6 inches diameter and 10-inch stroke; 72 
revolutions per minute; cables, .37/16 size; dynamo, 74 H.P.; engine, 86 
B.H.P. 



137 



CHAPTER VII. 

HAULAGE. 

The applications of electricity to underground haulage have not 
developed quite so rapidly as have its applications to some other 
branches of colliery work. One of the chief reasons for this is 
that in many cases the haulage can be worked from the pit bank, 
And the steam power applied direct to its propulsion. When 
such is the case there is nothing to be gained, under generally 
existing conditions, by using electricity. No doubt at some 
future period many collieries will be fitted up electrically from 
their commencement, a generating station with the most eco- 
nomical machinery being laid down, and the power provided for 
carrying out the whole of the various operations of pumping, 
winding, haulage, <kc., from this source. Economy will be 
secured by uniformity of system and the use of high steam 
pressures and engines using the steam under the most 
economical known conditions, but until this development takes 
place it will only be under certain circumstances that main 
haulage plants will be driven electrically. 

For secondary haulage electrically driven plant is likely, 
under nearly all circumstances, to be the most economical, even 
under our present systems of working, and it is in connection 
with this branch of haulage that the greater number of existing 
plants have been laid down. 

Whether the haulage be main or secondary it may be divided 
into four systems, namely : — 

1) Direct acting or dook haulage, 

2) Main and tail rope hauUige, 
Z\ Endless rope haiUa^e, 

(4) Endless chain haulage. 

The system is always determined by existing circumstances, 
And it not unfrequently happens that two or more systems may 
be in operation in different sections of the same colliery. 

In the case of direct haulage the loaded tubs have to be drawn 
uphill, the empties gravitating back and carrying the haulage 
rope along with them. The grade must be sufficient to admit 
of this (not less than 1 in 25), and uniform. The haulage gear 
and motor is best placed at the top of the incline in such a 
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situation that the person in charge can see his train when it 
comes to the landing place. 

In this system a single road is all that is necessary unless a 
very large output is contemplated, in which case the road may 
be double. If a single road be used, one drum only is necessary, 
if a double road, two drums. These drums must be fitted with 
clutches and brakes,, so that they can be thrown out of gear 
when necessary. The maximum speed with a well laid road 
may be taken as 10 miles an hour. The average speed, however, 
will be less than this, depending upon length of run, power of 
motor, and general facilities for getting up speed. 

Where the situation of the motor is dry it may be arranged 
to drive the drum by belt, and when this is done the motor 
must be fitted with a sliding bed plate and tightening screws to 
permit of easy adjustment of the tension of the belt. An 
extension of the bed plate to allow a third bearing to be fitted 
outside the driving pulley, so that the pulley runs between two 
bearings, is an important feature, especially where the work is 
heavy. The motor must be fitted with resistance coils so that 
the speed of running can be regulated. Where the mine i& 
a fiery one all parts must be enclosed in gas-tight cases so as 
to prevent accident should 8])arking take place. Should the 
situation be unfavourable to belt driving, gearing may be 
employed. This would render the plant more compact and 
reduce the cost of excavation of the site, but would increase the 
cost of the plant itself. 

The general method of arrangement of such a plant is shown 
in Fig. 89. 

In this case where the drum can be thrown out of gear by the 
clutch, the motor only requires to run in the one direction, and 
need not be provided with a reversing switch. Fig. 89a shows 
a geared plant for the same purpose. 

Where the grade is uniform the motor may be series wound, 
as this form of winding gives the greatest starting power, and 
runs well where the load is not subject to variation. 

The voltage will be determined by the distance from the 
generator, coupled with the conditions the generator may have 
to fulfil in supplying current to other plants, situated in other 
parts of the mine. The voltage may be from 210 to 420 volts,* 
according to distance, the higher voltage being used the further 
the power has to be transmitted. The motor room could be 
lighted from the mains ; with the lower voltage one lamp in 
parallel would be used, with the higher voltage two lamps in 

* The use of currents at from 400 to 600 volts pressure is now generally 
adopted about colUeries. 
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series with each other, and in parallel with the mains, could be 
adopted. 

The size of motor required to perform a certain amount of 
work will be best shown by taking an example. 

If the output is 200 tons in seven and a-half hours, the weight of the 
tub 4 cwts. tare, 14 cwts. sross = 10 cwts. of coal nett, and the inclina- 
tion 1 in 10, then, with a length of incline of 250 fathoms = 500 yards 
each way, and a maximum speed of rake 10 miles an hour = 880 feet per 
minute, or an average speed of, say, 6 miles an hour = 528 feet per minute. 

500 X 2 X 3 
Then, time running = =^^ = 6*7 minutes per rake. 



And time changing » say 5*3 

^otal time per rake = 11 *0 
= 41 nearly, say 40, rakes per day, 



Total time per rake = 11 "0 minutes, 
7-5 X 60 



11 

-^ = 5 tons of coal per rake. 

5 tons = 10 tuhs. 
10 X 14 = 140 cwts. gross load. 
Rope, say, 2 lbs. per yard = 1000 lbs. 

Then, 15,680 lbs. = weight of coal and tubs. Taking friction as =^y 

■ * = 224 lbs. 1000 lbs. = weight of rope. Taking rope friction at 

1 1000 _„ 
2-o»^ = 501b8. 

The total resistance to be overcome is the sum of the resistances due to 

gravity and friction. At the maximum speed, 880 feet per minute, the 

880 
work done against gravity is (15,680 + 1000) x — = 1,467,840 ft. -lbs. ; 

work against friction is (224 + 50) x 880 = 241,120 ft. -lbs. 

Total work is,, therefore, 1,467,840 + 241,120 = 1,708,960 ft. -lbs., and 

the H.P. = ^3;^Q^ = 51-7, or, say, 52. Taking the efficiency of the 

motor as being 80 per cent., then the actual H.P. required will be 
52 X 100 ^- 
—80— = ^^- 

Suppose the speed of the motor to be 600 revolutions per minute when 
developing 66 H.P., then the gear required will be as follows : — 

Take drum as being 8 feet in diameter, then the circumference =: 
8 X 3*1416 = 25*12 feet. With a speed of 880 feet per minute, maximum, 
880 
2K-JO — 35 revolutions of drum per minute. Since the motor runs at 600, 

the gear is in the proportion of 35 to 600, or, roughly, 1 to 17. The drum 
might have a pinion driven by a spur wheel. geared 4i to 1, the spur 
wheel shaft being driven by belt from motor at 4 to 1, then total gear 
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4i 4 17 

Y ^ T = T* Therefore, motor makes 17 revolutions for 1 revolution 

of drum. 

Suppose that in the foregoing problem a large generator is already 
installed, the working pressure of which is 400 volts, find the number of 
amperes of current required to work the motor. 

1H.P. = 746 watts. 
.*. 746 X 65 = 48,490 watts, 
and volts x amperes = watts. 
. •. 400 X amperes = 48,490 

. *. amperes = * =121 (nearly). 

Referring to the tables of Chapter i., we see that to carry this current 
safely cables of 37/16 S.W.G. will be required. 

In the foregoing problem ample allowance has been provided for all 
sources of loss, and, if necessitv arose, the output could be increased by at 
least 25 per cent, without trouble. At the same time, it is always desir- 
able to have ample power, the small extra expenditure at first bemg more 
than compensated by immunity of risk from breakdown, which always 
exists should a plant oe pushed beyond its capacity. 

Main and Tail Rope Haulage. — This system is adopted in cases 
where the grade is irregular, or where the roof may be of such 
a nature that a single road is wide enough to keep open profit- 
ably. Two drums are used, both being usually fixed on the 
same shaft and worked by means of clutches. One drum CHrries 
the main rope, the other the tail rope. The load rake is drawn 
forward from the extreme end of the road by means of the main 
rope ; the tail rope, being fastened behind the rake, is dragged 
out along with it. On arrival of the rakp at the outside end of 
the road, the two ropes are transferred to the empty rake, which 
is dragged inbye by means of the tail rope, the main rope 
following behind. The two drums are thus both in operation at 
the same time, one being driven by the motor, the other running 
loose on the shaft and in the opposite direction, but con- 
trolled by a brake. Where the grade is downhill with the load 
rake, the tubs composing the rake are prevented from over 
running the main rope by the person in charge holding on to 
the end of the rake, by means of the tail rope with its drum and 
brake. The speed of running may be as much as 12 miles an 
hour, but depends greatly on conditions. Any number of 
branch roads can be worked without serious loss of time, the 
chief drawback being the high speed and consequent destruction 
of plant should the rake become derailed. Usually when this 
occurs, a considerable time is lost in getting operations recom- 
menced, and often many of the tubs sustain serious damage. 
The rapid speed of running causes considerable wear of the rope; 
this, and the great length of rope required (the tail rope is itself 
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^double the length of the road), is another disadvantage of this 
system. 

Since only one set of tubs can be on the road at a time, the 
output is necessarily limited by the length of the road. 

Arrangements have to be provided for throwing the drums in 
or out of gear as required. This is usually done by clutches or 
sliding carriages, the clutch giving the greater advantage, as 
both drums can be placed on the one shaft. Where the drums 
are run thus, they should be fitted with brass bushes as the wear 
is considerable. The shaft should also be made so as to allow 
for wear. 

The power required will have to be arranged with regard to 
the steepest inclination, and greatest number of tubs required in 
the set, this condition often has the effect of causing a high cost 
for plant, as the motor may have to be made much larger for the 
sake of one little steep place on the road. 

The alterations of grade (if existing) will cause a variation of 
the load, and in order to get constant speed under such condi- 
tions a shunt- wound motor would be employed, or a few turns 
of series coils might be added to the windings so as to increase 
its starting power under load. 

A general idea of the type of plant in use for main and tail 
rope haulage may be gathered from the illustration shown in 
Fig, 90. 

Further particulars regarding methods of working branches, 
attachment to rope, <&c., may be found in the standard text- 
books on coal mining.* 

As an illustration of how to find the requisite size of motor 
for given conditions, the following example may be taken : — 

A main and tail rope has to draw 400 tons per day of eight hours, from 
a distance of 1600 yards ; the speed is 8 miles an hour on the average, 
and the heaviest grade on the road is 1 in 10. The tubs weigh 4 owts. 
empty, and hold 10 cwts. of coal. Find the number of tubs per rake, and 
the size of motor required to do the work if the drum be 8 leet diameter 
and the motor runs at 560 revolutions per minute. 

Speed of rake = — ^7^ — = 704 feet per minute. 

m- 1600 X 3 X 2 ,^^ . ^ 
Time runmng = ^^ = 13*6 mmutes. 

Allow 6*4 minutes for changiag, then total time per rake is 13*6 + 6*4 
= 20 minutes. 

* Hughes, A Text-Book of Coal Mining (Grifl&n) ; Kerr, Practical CocU 
Mining (Grifi&n). 
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-^ = 3 rakes per hour. 
-^ = 50 tons per hour. 

o 

-x- « l&J tons per rake. 

o 

Since each tub holds 10 cwts. this will mean 34 tubs per rake, and 

34 X 14 
weight = — jrrr — = 23 tons 16 cwts., say 24 tons with couplings, &c. 

To get the size and weight of rope the following empirical formulsB may 
be used — 

C^ X 4 =i breaking load in tons for plough steel 
and C^ X '9 = weight in lbs. per fathom, 
where C is the circumference of the rope. 

24 

Then load = -^ = 2*4 tons. 

Taking a factor of safety of 6 and neglecting the weight of the rope — 

4 
and C = 1 '89 inches. 
Weight = 3-6 x -9 = 3*24, say 3^ lbs. per fathom. 

The tail rope might be rather lighter, but the difference may be neglected 
for calculation, as it would not affect the question to any appreciable 
extent. 

Taking the friction of the ropes as ^V of their weight, then 

^ « . ^. 1600 X 2 X 3-26 „_. „ 

Rope friction = ^ ^r^^ = 260 lbs. 

*^ 2 X 20 

The tractive force that must be exerted will be that required to over- 
come the effect of gravitation upon the load, as well as that of friction of 
both load and rope. Since there are two ropes, and both have been con- 
sidered of equal weight, they will balance each other and the effect of 
gravity on them may oe neglected, then 

Tractive force = friction of rake -i- friction of rope + effect of gravity 
on load. 

Taking the frictional resistance to load at 32 lbs. per ton. 

Tractive force = (24 x 32) + ^AjL^^\ + 260 = 6422 lbs. 

The load is moved at the rate of 704 feet per minute. 

.-. Work done = 6422 x 704 = 4,521,088 ft. -lbs. per minute, 



^dH.P.=i>||^«« = 137. 
33,000 
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The drum is 8 feet diameter, and travels 8 x 3*1416 = 25*13 feet at 
each revolution. 

704 
Number of revolutions of drum per minute = s^tts = 28. 

Motor runs at 560 revolutions, and the gear must reduce the speed from 
560 to 28, that is in the ratio of 20 to 1. 

Summing up the results we have — 

Three rakes per hour 34 tubs per rake. Plough steel rope 1 *89 inches 
circumference, and weighing about 3} lbs. per fathom. Motor 137 B.H.P. 
geared 20 to 1. 

The steepest inclination has been considered, and for that 
reason it would not be necessary to allow for friction of gear, as 
the motor would be working much under this power during the 
greater part of the run, and a slight overload when dealing with 
the rake on the steep part would do no harm. 

The arrangement of a plant suitable for the above work is 
shown in Fig. 91. Here two motors coupled together, and 
driving by means of ropes upon each side, are used. 

Endless rope haulage consists of a rope travelling round a 
double road, one line of rails being provided for conveying the 
empty tubs into the workings, another for bringing out the loaded 
ones. These two lines of rails may be arranged side by side in 
the one road, or where the roof is bad, and the keeping of a wide 
road would be a disadvantage, the rails may be made to occupy 
two separate parallel roadway^, each of such a width as to 
contain only one line of rails. This provides a roadway for 
empties and another for loaded tubs, which in some cases may be 
a distinct advantage, as the distance apart may be anything 
required, and thus arrangements may be made for bringing all 
the loaded tubs in upon one side of a pit bottom or landing 
bench, and taking all the empties away from the other. 

The tubs may be connected to the rope either singly or in 
rakes. When rakes are run they consist of a number of tubs 
coupled together, and attached to a clip bogie, which is worked 
by an attendant. This method is not so good as the single 
tub attachment as the delivery is intermittent and more 
labour is required to work it. On the other hand, the single 
tub system gives a regular delivery and requires less attend- 
ance. 

The rope * is driven by a clip pulley, of which there are 
various types in use, the slack being taken up by a movable 
tension bogie. The pulley, carrying two and a-half turns of 
rope on its circumference, is a very good driving pulley, as also 

* For a full description see the works already referred to p. 143. 
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is that known as Thorncliffe's. Whatever form of pulley be 
used, it should be driven by a friction clutch, which will prevent 
the rope suffering from jerks, and undue strains, provided it is 
kept in good working order, a point not always attended to 
where such clutches are employed. 

The rope may run at floor level and have the tubs attached by 
suitable catches, or it may be carried on the top of the tubs, the 
former method usually being preferred, especially if the road be 
worked round curves. 





Fig. 91. — Main and Tail Rope Haulage. 

The speed of the rope may be from 1^ to 3 miles an hour, 
which is one feature of the success of this form of haulage. The 
cost of working is low, damage to plant is reduced to a minimum, 
and the ropes last for a considerable time. With single tubs the ^ 
distance is of no consequence as far as cost of labour is concerned. 
With bogies and rakes, the cost will vary with the distance. 



148 ELECTBIOAL PRACTICE IN COLLIERIES. 

The size of motor required to work an endless rope haulage 
will, of course, be determined by the conditions, and the follow- 
ing example may be taken as illustrating a particular case ; — 

An output of 480 tons in 8 hours has to be drawn from an incline dipping. 
1 in 15, and 600 fathoms long. The tubs are 4 cwts. tare and 14 cwts. 
gross, the road is laid with bridge rails, and has to be worked by an endless 
rope running at two miles an hour. Find the size of motor to drive rope^ 
if cUp pulley be 7 feet diameter and speed of motor 520 revolutions per 
minute. 

2 miles an hour = — ^ — = 176 feet per minute. 

= 1 ton per minute = 2 tubs per ton. 



8 X 60 
176 



= b8 feet between tubs. 

600 fathoms = 3600 feet, and -^^ = 41 tubs on each side, 

41 tubs at 14 cwts. each = 28 tons 14 cwts. 

30 

To get size of rope, take working load as -^ tons, and factor of safety 

10 

at 5. Then for a crucible steel rope — 

C=* X 2-5 = 2 X 5. 
.-. C = 2. 
C^ X '9 = weight per fathom in lbs. = 4 x '9 = 3 '6 lbs. per fathom. 
Total length of rope is 12 JO fathoms, and weight = 1200 x 3*6 = 4320 lbs. 

Friction of rope = -5^- = 216 lbs. 

The tractive force necessary to move the load will be the sum of the 
friction of the rope, and both full and empty tubs, together with the effect 
of gravity upon the loaded tubs, diminished by the effect of gravity upon 
the empty tubs, or 

T = F + G +/+rope/- g. 

Where F = friction of loaded tubs. 
G = gravity of loaded tubs. 
/ = friction of empty tubs. 
rope/= friction of rope. 

g = gravity of empty tubs. 

Putting in these values— 

T _= 918-4 + 4285-8 + 2624 + 216 - 1224-5 = 4458 lbs. 

The speed of the rope is 176 feet per minute, and the work done is 

4458 X 176 = 784,608 ft. -lbs. per minute, and H.P. = "^33^^^ = 23-8 nearly. 
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To this 25 per cent, may be added to give motor a margin for starting 
and to allow for friction of gear, giving 30 B.H.P. as the output of the 
motor. 

The clip wheel is 7 feet diameter, and circumference = 7 x 3*1416 =» 22 

17fi 

say, and -^ = 8, the number of revolutions it must make per minute. 

The motor speed is 520 revolutions per minute, and the gear must 

520 
reduce this — = 65 to 1. The general arrangement of such a plant 

driven by spur gearing is shown in Fig. 92, which is reduced from working 



driven by spur gearing is shown m Ifig. »1 
drawings of an endless rope haulage plant, 




Fig. 92. — Endless Rope Haulage. 

Taking the same conditions, and calculating for bogies and rakes being 
used instead of single tubs, the result will be as follows : — 

Bogie, weight about 6 cwts. 

fi72 fi72 
Bogie traction = G + F - ^^ + ^ = 54*36 lbs. 

One load tubT = G + F = ^-^ 4- ^ = 126*73 lbs. 
lo 70 
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The clamp used by a haulage bogie can draw about 15 cwts. = 1680 lbs. 
1680 - 64 = 1626 lbs. available to draw tubs. 

-j^ = 12 tubs per rake. 

and total traction = bogie 54 lbs. + 12 tubs 1520 lbs. 
= 1574 lbs. per rake. 

Distance travelled each rake = 1200 fathoms = 2400 yards. 
Two miles an hour = 3520 yards. 

Then — ^^^ — = 41 minutes per rake running ; allow 4 minutes for 

changing, and time per rake becomes 41 + 4 = 45 minutes. 

Total tons to be dealt with is 480 in eight hours, and -^ = 10|, that 

is, 10 rakes per bogie per day. Each bogie draws 12 tubs, each containing 
10 cwts. of coal, or a total load of 6 tons per rake, and 10 x 6 = 60 tons 
per day. 

480 *^ 

-^ = 8 bogies and attendants required to draw output. 

These bogies will not be equal distances apart, and to give average 
conditions 5 rakes may be assumed as the load coming up, with 2 going 
down, as the maximum, and the motor will have to be capable of dealing 
with this load. 

T for 5 rakes = 1574 x 5 = 7870 lbs. 

T for 2 empty rakes =f^g = (5-8 x 32) - ^^^" = - 620 lbs.* 

loj 

Taking a crucible steel rope, with 5 as the factor of safety — 

;C2 X 2-5 = 3-25 X 5. 

C2 = 6i. 

C = 2*5 inches. 

Weight per fathom = 6'5 x '9 = 5^ lbs. 

Total weight = 1200 x 5i = 6600 lbs. 

Friction of rope = oa = 330 lbs. 

Total T = traction of full tubs + rope friction - traction of empty tubs 
= 7870 + 330]- 620 
= 7580. 
And work done = 7580 x 176 = 1,334,080 ft. -lbs. per minute. 

Adding 25 per cent., as in the last case, for friction of gear, &c., the 
actual output of the motor would require to be 50 H.P. 

* The negative sign indicates that the force has to be applied to keep 
the tubs from running away down hill. 
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A comparison of the two cases shows that the single tub 
system requires less capital outlay for installation, and can be 
worked more cheaply afterwards, as two men and two boys 
could under ordinary circumstances deal with the output stated, 
whereas with bogies and rakes eight bogiemen would be 
required. 

While haulage by endless rope is readily worked on flat or 
comparatively flat planes, it is quite possible to apply it to very 
steep grades, with no more trouble than would be occasioned by 
other forms under similar conditions. With undulating gra- 
dients the rope is best carried at the floor level, and under the 
tub the same applies where junctions and attaching places are 
numerous. In steep grades it is best to have the rope carried 
above the tubs and supported by hat pulleys, the tubs being 
attached by means of a chain 12 or 14 feet in length, with a 
hook at each end ; one of these hooks is attached to the draw- 
bar of the tub, the other end passed three or four times round 
the rope and secured by the hook, as shown in Fig. 93. Although 




Fig. 93. — Tub attachment for Steep Grades. 
R = Wire rope. | C = Chain attachment to tub. 

this method is not so well adapted for attaching and detaching 
tubs as some of the others, there are none more secure in the 
matter of gripping power on the rope, a most essential feature 
on steep grades. 

The endless- chain system * is exactly the same as the endless- 
rope system already described, but with a chain substituted for 
a wire rope ; the speed may, in many cases, be rather less — ^from 
1 to 2 miles an hour. The chain admits of a ready attachment 
of the tubs, and branches and curves can be very easily worked. 
By using bearing-up pulleys the tubs can be made self-detaching, 
and by a suitable arrangement of grades they can be made to 
gravitate past branches and attach themselves automatically. 

* For details, see text-books on Coal Mining. 
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This system is not likely to be adopted in many cases for 
secondary haulage unless the system was that used all over the 
colliery, but electric driving might with advantage be adopted in 
most cases where the endless-chain system is used. 

One objection to the use of a chain is the great weight in the 
shaft should the shafts be deep and the system applied to the 
main haulage. In such cases it is almost imperative that the 
driving power should be supplied at the pit bottom, and this 
condition at once opens up the way for the application of 
electricity with every chance of economy and success. 

To illustrate the size of motor required to do a given amount 
of work the following example may be taken : — 

An incline 400 fathoms in length dips 1 in 15 and is laid with bridge rails. 
An output of 500 tons has to be drawn in eight hours, the tub itself 
weighs 4 cwts. and holds 10 cwts. of coal. The speed of the chain is to be 
2 miles an hour. If the drum be 4 feet diameter what H.P. must the 
motor give running at 560 revolutions per minute ? 

500 tons = 1000 tubs. 

—X— = 125 tubs per hour. 
Speed = 1760 x 2 =3520 yards per hour. 

-g« =28 yards between tubs. 

800 
400 fathoms = 800 yards and — - = 28 tubs on each side. 

28 tubs at 14 cwts. each = 43,904 lbs. 

Assume chain to weigh 23 lbs. per fathom, then 23 x 400 = 9200 lbs. 
Total weight on load side = 43,904 + 9200 = 53,104 lbs. 
28 tubs at 14 cwts. each = 12,544 lbs. 
400 fathoms chain at 23 lbs. per fathom = 9200 lbs. 
Total weight on empty side = 21,744 lbs. 

To find the size of chain to carry the load safely the following empirical 
formula may be used : — 

Let D = diameter of chain in sixteenths of an inch. 
,, W = weight in lbs. per fathom = D^ x '21. 
„ B = breaking load in tons. 

Then y = B. 

Taking the factor of safety as 5^ and the load as 2 tons (its real value is 

53i^ + 5M04 = 42981bB.) 
lo 7U 

^= 2 X 54 
= 11. 
. '. D = ,y99 = {% of an inch = g inch. 
W = 99 X -21 = 20-79 lbs. per fathom. 
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The estimated weight was 23 lbs. per fathom. This is so near the 
^calculated weight that no change is necessary, using the same values of the 
letters as in previous examples. 

T = F + G +/- g 

^ 53,104 53,104 21,744 21,744 

70 "^ 15 "^ 70 ■* 15 
= 758 + 3540 + 310 - 1449. 
= 3159 lbs. 

Work done = 3159 x 176 = 555,984 ft. -lbs, per minute, 

Add to this about 25 per cent, for friction of gear, &c., and the motor 
would require to give about 22 H.P. at the belt puUev. 
Note.— It will be observed in the foregoing example that the friction of 

the chain is taken as =^, the same as that of the tubs ; this is because the 

chain would be carried on the top of the tubs. 

Taking the driving-wheel diameter at 4 feet, the circumference is 

4 X 3*1416, and the number of revolutions per minute is -. 5-t7T^= ^^ 

'^ 4 X 3*1416 

approximately. 

The motor runs at 560 revolutions per minute, which gives the gear as 

560 

-r—, a reduction of 40 to 1. 
14 

In all the foregoing systems of haulage the application of 
electricity as a motive power is highly advantageous, especially 
in smoothness of starting and complete control over the speed, 
two important points in haulage. Reversal of the motor is also 
■easily arranged for where required, and all conditions that are 
met by an ordinary steam or compressed air engine are equally 
well satisfied by the motor. This, added to the ease with which 
power can be transmitted electrically, makes the application of 
electricity, to secondary haulage at least, a matter for serious 
consideration by all colliery managers whose wish it is to keep 
their collieries well equipped with the best and most economical 
modem appliances. 

Haulage by Locomotives is yet another form which has not 
eome much into use in this country, although it has been 
adopted to a considerable extent in American mines, and also 
on the Continent. One of the chief reasons for this system not 
being taken up at home is the steep grades at which most of the 
coalfields lie. There are but few places where the workings 
would be flat enough to get even moderately satisfactory results, 
and for that reason alone it is not at all likely that haulage by 
locomotive, even with considerable advances in the use of 
electricity, will, at any time, be largely adopted in English and 
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Scottish collieries, at least for work underground. For moving 
waggons about sidings on the surface there is, however, a likelier 
field, and with this end in view some particulars regarding 
electric locomotives for use about mines will be given. For 
surface work, where, the gradients are such as will suit a 
locomotive, the advantages over rope haulage are greater 
simplicity in working, and decreased cost of maintenance, due, 
largely, to the use of the locomotive only when required, and 
the reduction of friction. A wire rope would have to be kept 
running continuously, and the friction would be slightly greater 
than that of the locomotive. 

Where adopted, the arrnngements are usually the same as in 
the overhead tramway system, a bare wire being suspended 
from poles by suitable insulators, the current being taken from 
this wire by a trolley, and after doing work in passing through 
the driving motor of the locomotive being led to the tram rails, 
which form the return circuit. For mining purposes the 
locomotives are usually built of a size to suit the requirements, 
and the author is indebted to the British Thomson-Houston 
Company for the following details of one of their mining 
locomotives suitable for running at a speed of 8 miles an hour, 
and giving a tractive pull of 4500 lbs. The complete motor 
weighs about 13 tons, and is shown in Fig. 94. 

The frame is of cast iron, heavy in structure, and so designed as 
to protect the motor and gear. Each frame consists of two 
heavy side castings and two end pieces. The joints are 
machined and the sections held together by heavy bolts, giving 
the whole structure the rigidity of a solid casting. 

The end frames form the bumpers, and are provided with 
draw hooks to suit the requirements of the conditions under 
which they are to be used. The frame is arranged to run as 
close to the rails as is consistent with proper clearance, thus 
preventing any obstruction on the track from injuring the gear. 
The working parts of the locomotive are made as light as is 
consistent with strength, and the extra weight required for 
tractive purposes is supplied by the frame, which is supported 
on springs. The axle boxes are of the standard railway type, 
with removable brass linings. The wheels are of standard form, 
having chilled iron treads, this type having been proved by 
experience to give the longest life with the minimum wear and 
tear. The brake is so designed that in whatever position it is 
left it is locked, that is whether the shoes are on or off. The 
locomotive is fitted with two pairs of sand boxes and also with 
a trolley, which is the collector gear, by means of which the 
motors are supplied with current from the overhead line, the 
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wheels forming the other connection and the rails the return 
-conductor. The trolley consists of a swivelled wheel carried on 
an insulated pole, which is mounted on a swivelled base, so that 
on whichever side of the locomotive the trolley wire is sus- 
pended, the same trolley is available for collecting the power, 




4 



Fig. 95. — Magnetic Blow-out Controller. 

and the swivelled head enables the trolley to negotiate curves 
and to adjust its position automatically to the alignment of the 
track. The wheel is maintained in contact with the trolley 
wire by means of a compressed spiral spring, the arrangement 
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being such that the upward pressure against the wire is 
practically uniform through the limits of vertical variation. 
The trolley is so designed that the operator can reverse it 
without leaving his place. The motor is controlled by a mag- 
netic blow-out controller (Fig. 95), which is so designed that when 
opening the circuits in stopping, or varying the speed, no 
racing, and consequent destruction of the electrical contacts 
takes place. The reversing switch is interlocked. with the main 
controller in such a manner as to prevent any possibility of the 
motors being reversed, unless the current is entirely cut off, nor 
can the motors be connected to the circuit unless the reversing 
switch is in its proper position. In connection with this controller 
a sufficient amouat of resistance is used to enable the locomotive 
to be started smoothly and to run at variable speeds. 

The type of motor used for driving is shown in Fig. 96. The 




Fig. 96. — Enclosed Motor for Locomotive. 

locomotive is usually fitted with two sets of driving wheels, and 
two motors of the type shown are fitted to gear with the axles, 
one motor to each axle. This motor is shown opened out in 
Fig. 97, which gives a general idea of the arrangement of the 
armature, and the construction of the field frame, which admits 
of the armature being readily inspected and changed, if neces- 
sary, the field frame being made in halves and hinged. The 
bearings for the second motion shaft are cast as part of the field 
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frame, thus rendering the motor and its gear most compact in 
design. The gears are of cut steel and are enclosed in a 
malleable wrought-iron gear case. The motors are suspended 
by springs from the side frames of the locomotive, and, as only 
a portion of the weight of each motor is carried by the axle, 
the strains and jars, due to a rough track, are reduced to a 
minimum. 

The motors are arranged in the centre of the locomotive and 
turned towards each other between the axles, as this arrange- 




Fig. 97. — Locomotive Motor (open). 

ment eliminates any tendency of the locomotive to rock when 
running at high speeds on a rough track. In addition, the 
locomotives are equipped with electric headlights, gongs, fuse 
boxes, and all the necessary fittings. 

The number of tons that a locomotive will be able to pull will 
depend on the gradient and on the general condition of the 
track. The following may be taken as an example of calculating 
loads : — 

An electric locomotive has a draw-bar pull of 2400 lbs. , how many tons 
will it be able to pull on a road rising 1 in 50 if friction be taken as 32 lbs. 
per ton of load? 
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2240 
Work done against gravity = -^— = 45 lbs. per ton. 

Friction = 32 lbs. per ton. 

. •. Total work = 45 + 32 = 77 lbs. per ton of load. 
Total available pull is 2400 lbs. 

. • . Number of tons of load = -==- = 31. 

The above example neglects the weight of the locomotive, but, as in most 
•cases, the draw-bar pull would be given for a dead level track, the weight 
would have to be taken into account whenever the load had to be dealt 
with on a gradient. 

Thus a mine locomotive weighing 13 tons, and having a draw-bar pull of 
4500 lbs. on the level, has to run on an inclination of 1 in 20. What load 

will it be able to draw up this incline if friction be taken as ^ ? 

13 X 2240 
Pull lost in raising locomotive up incline = ^^r = 1456 lbs. 

Available pull for dealing with load = (4500 -!• 1456) = 3044 lbs. 

2240 
Traction for load = =112 lbs. per ton against gravity. 

Total traction = 1 12 -f- 32 = 144 lbs. per ton of load. 

Total load = ^?^ = 21-1 tons. 
144 

The rails used should be of sufficient weight to give rigidity to 
•the way, and might be from 25 lbs. per yard with 6-ton loco- 
motives to 50 lbs. per yard with those of about 15 tons, the 
weight being varied to suit that of the locomotive adopted. 

Trolley wires are put up in much the same manner as for 
ordinary tramway work, but instead of soldering the wire to the 
insulator it is best clamped, the insulators will be fastened to 
the props and bars where possible, and, in some cases, they may 
be bolted to a dug let into the roof. Protection will be best 
afforded by having a separate roadway for the men going back- 
wards and forwards, as otherwise there is a chance of accidents, 
especially where the height of the road is low and necessitates 
the keeping of the trolley wire within reach of persons passing 
along the roadway. The rails which form the return circuit 
should be joined by copper bonds, and if water pipes run near 
the rails copper connections should be made between them and 
the rails at frequent intervals, as this serves to preserve them 
from destruction by electrolysis. 
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Another locomotive much used for mine haulage in America 
is the Jeffrey, which is shown in Fig. 98. Its construction is 
much the same as that already described. Various types are 
made to suit different conditions ; the one shown is the Gondola 
type, and has the gear and seat for the driver all at the one 
end. 

Where these locomotives are used in very low seams, they 
may be driven by means of a storage battery. This does away 
with the use of trolley wires, which are, to say the least, 
objectionable under any circumstances. A locomotive of thia 




Fig. 98. — Jeffrey Electric Locomotive. 

type is shown in Fig. 99 ; the storage battery is carried behind 
on a separate truck. 

In this particular case the locomotive was designed for lifting 
coal from the face, the secondary battery supplying the power. 
When on the main road the trolley pole, which is also fitted, 
can be used, the storage battery being used only where the 
roads are too low to carry bare wires. 

Polyphase motors are also being used for haulage as well as 
for all other branches of colliery work, and good results are 
being obtained. Plants for haulage and other purposes are at 
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work at Sandwell Park Colliery, Garswood, and Cadeby Main, 
all upon the three-phase system. These plants, as well as 
others of the same type that have lately been put down, will 




Fig. 99. — Jeffrey Mine Locomotive and Storage Battery. 

have their working watched with interest, as many firms will 
doubtless be inclined to see liow they operate over a continued 
period, before they fix upon the system they themselves will 
adopt for similar purposes. 



EXAMPLES. 

1. A compressed air engine giving 5 H.P. is used for underground 
haulage, it is to be replaced by an electric motor. Taking the efficiency of 
the motor as 75 per cent., what current will be required if the E.M.F. is 
380 volts ? — Ana, About 13 amperes. 

2. A motor has to drag a rake of 10 tubs, weighing 1 ton gross each, up 
an incline of 1 in 10 at a speed of 8 miles an hour, what tractive force 
must it exert ? What H.P. does this represent ? Neglect weight of rope. — 
Ans, 2560 lbs. tractive force; 54*6 H.P. 

3. What size of motor would you erect to draw a rake of 12 tubs from a 
dook 500 fathoms long, dip 1 in 5, gross weight of tub 14 cwts. , tare 4 cwts. ? 
State size of rope you would use. Assume drum to be 7i feet in diameter 
and maximum speed of rake 8 miles an hour. — Ana. Motor 94 H.P. at 
480 revolutions per minute, geared 16 to 1 ; rope, crucible steel, about 4 lbs. 
per fathom and f inch diameter. 

4. An electric locomotive has a draw-bar pull of 3000 lbs. How many 
tons will it be able to pull on a road rising 1 in 70 ? Take friction as 32 lbs. 
per ton and neglect weight of the locomotive. — Ans, 47 tons nearly. 

5. A mine locomotive has a draw-bar pull of 4500 lbs. on the level, its 
own weight is 13 tons. What load, including its own weight, will it draw 
up an incline of 1 in 40 taking friction as 32 lbs. per ton? — Ans, 42*8 tons. 
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6. An output of 240 tons of coal has to be drawn in eight hours from a 
dook 300 fathoms long dipping 1 in 10. The tubs weigh 14 cwts. full and 
4 cwts. empty. The rope is 2 lbs. per fathom and the drum 7 feet diameter. 
Find the H. P. of motor to do the above work, taking its efficiency as 90 
per cent. , and speed 640 revolutions per minute. The average speed of the 
rake has to be 8 miles an hour, and the maximum speed 10 miles an 
hour. — Ana. A 56 H.P. motor ; geared 16 to 1. 

7. An output of 600 tons of coal per day of eight hours has to be drawn 
by means of an endless rope from a road 300 fathoms long, dipping 1 in 20. 
The tub holds 10 cwts. of coal and weighs 4 cwts. when empty, ^e speed 
of the rope is to be 2 miles an hour, and the diameter of the driving 
pulley is 7 feet. Find the H. P. of motor required for this work if efficiency 
DC 70 per cent. State the required reduction of speed if motor runs at 560 
revolutions per minute. — Ana, 15 H.P. ; gearing 70 to 1. 

8. An output of 400 tons of coal per day of eight hours has to be drawn 
from a road 300 fathoms long, with a dip of 1 in 10, by means of an endless 
chain. The tub is 14 cwts. gross and 4 cwts. tare; the speed of the 
chain is 1^ miles an hour, and the drum is 4 feet in diameter. Taking 
friction at 32 lbs. per ton, find the H.P. of motor required ; if efficiency (S 
motor and gear be 75 per cent. State also the gearing required, if speed of 
motor be 600 revolutions per minute. — Ana. Motor, 30 H.JP. ; chain, ginch 
diameter ; gearing, to reduce speed of motor, 60 to 1 . 
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CHAPTER VIII. 

COAL CUTTING. 

The question of working coal by mechanical methods is one that 
grows in importance as time advances, and this for two reasons — 
in the first place, there is the growing difficulty of labour to 
contend with ; and, in the secoud, the necessity for working 
many of our thin seams on account of the exhaustion of those of 
,greater thickness. The latter reason is a most important one, 
for little by little the best seams will be worked out, and, if 
supply has to keep pace with demand, the thinner seams must 
be attacked. To do this successfully the coal produced from 
those seams must compete against that raised from the thicker 
ones, for some time at least, and it becomes necessary to do 
everything possible to keep down the cost of production, at the 
same time using every possible means to keep the coal in such a 
state as will command the highest market value. 

In many of our coalfields, and notably those in Scotland, shafts 
have been sunk and equipped for working the thicker seams, 
and now with those seams worked out, or nearly so, in some 
cases the owners of those collieries have to choose between 
stopping them altogether and removing their plant, or sinking 
further when necessary, and commencing to work some of the 
thinner seams. The capital expenditure on plant has probably 
been redeemed while working the thicker seams, and all the 
colliery owner has to look to in such a case is whether he can 
work the thinner seams at all without losing money, because if 
such a course is possible it will be to his interest to keep the pit 
on. This feature of the question certainly enables some thin 
seams to be worked, which could not possibly have been done 
under ordinary circumstances, and where such conditions exist 
every effort should be made to work those thinner seams if at all 
possible. The colliery owner will, under such circumstances, do 
well to turn his attention to the question of mechanical pro- 
duction, as, undoubtedly, it offers a solution to the problem. 

Goal cutting by machinery has its advantages and dis- 
advantages, but there is little doubt that the latter are far 
outweighed by the former, and that coal cutting will receive 
much greater attention in the immediate future than it has in 
the past. 
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Throughout Britain at the present time only a very small 
proportion of the coal produced is under-cut by machinery, and it 
may be noted that the bulk of our coal seams are comparatively 
thin, 6 feet and under, whereas in America, although the seam& 
worked are of greater thickness, 25 per cent, of that country's- 
production is under-cut by machinery. Until a short time ago- 
we were the largest coal-producing country in the world, now 
America occupies that position, and has been assisted to the 
premier place by the extensive use of coal-cutting machinery. 

As a rule, the holing or under-cutting of any seam could be 
performed by machinery at a cheaper rate than hand labour; 
hence in seams, where under-cutting represents the greater 
portion of the work, the adoption of machinery is the more likely 
to be accompanied with success. Since for a given weight of 
coal the area to be under-cut will vary as the thickness, should 
other conditions be the same, mechanical under-cutting will be 
the most successful in the thinner seams ; and in practice we 
find, with a few exceptions on account of hardness, nature of 
roof, and so on, that this is realised. , 

The more rapid motion of the face of the coal has a tendency 
to keep the roof in the best coudition. This diminishes the 
number of accidents from falls of roof, and may at the same 
time effect a considerable saving in the amount of timber used 
as compared with hand labour. 

Another and most important point is the increased amount of 
round coal obtained from the seam when cut by machinery as 
compared with hand, which may vary from 5 to 30 per cent^ 
according to conditions, and which, in the majority of cases, 
represents an increase in the selling price of the coal taken as a 
whole. The only case where the size of the coal obtained is not 
of any importance is that where the coal is to be used for the 
purpose of making coke. The accompanying sketches (Figs. 100 
and 101) will show, to some extent, how the decreased quantity 
of small results from the use of machinery for holing. There is 
also a further condition attached to the bringing down of the 
coal. When under-cut by hand the depth is not so great (on the 
average about 1 foot less), and, in addition, the coal is cut away 
to a greater extent at the front, both of those conditions tending 
to prevent the coal from breaking down as readily as when 
under-cut by machinery. "When the seams lie at some depth 
from the surface the weight or pressure upon the coal is likely 
to be considerable. This may prove either an advantage or a 
disadvantage in either of the systems when compared with the 
other. Whfen the coal breaks down by itself without blasting 
that is all that is required ; should the weight of the overhanging 
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mass, together with the pressure from the roof be, however, 
nhable to effect this when the coal is under-cut by hand, then 
the chances are that with machine under-cutting it would take 
place, blasting or wedging being thus dispensed with, and the 
breakage of coal into small, which attends those operations, also 
avoided. On the other hand, should the pressure be such as to 
-cause this in any case, a little extra trouble may arise in the case 
of under-cutting by machinery, owing to the precautions that 
have to be taken to sprag the coal, so as to prevent it falling 
upon the machine, and thus causing loss of time. 

Another feature in favour of mechanical coal cutting is that 
fewer men are required for a given output, which, in some cases, 
would be a distinct advantage, as the money that would be 





Fig. 100.— Hand-cut Coal. 



Fig. 101. — Machine-cut Coal. 



-saved in providing houses for the workmen might cover a con- 
siderable part of the capital expenditure upon machinery. 

There are also further directions in which cost ought to 
be reduced by the adoption of machinery : — 

1. By cutting the coal at a cheaper rate. 

2. By reducing the cost of upkeep of roads on account of less 
length of face required for a given output, as compared with that 
necessary to obtain the same output by hand labour. 

3. By decreasing the amount of timber, rails, sleepers, &c., 
required in the roads. 

4. By reducing the breakage of coal to a minimum, and thus 
-enhancing the selling price of the coal as a whole. 

Regarding the other side of the question, there is the larger 
amount of capital expenditure which, in the event of bad trade 
or forced stoppage, would be lying idle, either in part or whole. 
Again, seams with a very steep inclination, or having a bad roof, 
a,re not well suited for coal cutting, and if adopted under such 
-circumstances considerable trouble may arise. There is also the 
'further question of trained men to work the machines, but this 
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may easily be left to the manager, who should have no difficulty 
in providing and retaining a staff adequate for coping with all 
emergencies. 

Once the adoption of coal«catting machinery has been decided 
on, the next question that comes up for settlement is where the 
cutting has to be done, whether in the coal itself or in any bands 
of fireclay that may be contained in the seam, or if it should be 
done in the floor or pavement of the seam. If cutting be done 
in the coal, the percentage of small coal will then be at a maximum 
for machine cutting, while at the same time the length and depth 
of face under-cut will be large, but the seam will require to be of 
a height of not less than about 20 inches. Should the height of 
the seam be less than this, then cutting would have to be done in 
the floor in order to get headroom ; but the author is strongly of 
opinion that many seams, with heights up to even 3 feet, could 
with advantage be holed in the floor. For such work it is 
necessary to use a machine which will cut its own floor, a point 
which will be noticed when discussing the various types of coal- 
cutting machines. Should a band of fireclay occur in the seam, 
then it will, in most places, be advisable to do the holing in this 
band. Should machines which do not cut their own floor be 
used, then the coal or clay left standing above the floor level, at 
which the machine runs, must be lifted after holing, and before 
the road is laid down for the machine making the next cut; 
this entails extra labour, and means a further breakage of coal 
(if it be coal that is left), both of which tend to increase the cost. 
On the other hand, more power is required to cut under the 
level of the rail, as the machine does not free itself so completely 
as when the cut is made a few inches or more above floor level. 

The rate of cutting varies with the conditions of the seam, 
and the class of machine used, as well as with the nature of the 
material in which the cutters work, and at the same time with 
the power available for driving the machines, and may be 
anything from 50 to 180 yards per shift of eight hours to a 
depth of from 3 feet to 3 feet 9 inches. It is, as a rule, better to 
cut rather deeper than to travel over too great a distance, as this 
proceeding saves time in shifting the machine, and requires less 
roadlaying. The amount of coal obtained from a day's cutting 
of a machine will depend entirely on the distance and depth cut, 
together with the thickness of the seam. In cutting coal seams 
of 4 feet and over, it seems to be the practice to cut to a depth 
of at least 5 feet 6 inches, and in some cases even more; in such 
a case the length travelled does not require to be great. 

While coal-cutting machinery can be applied to any of the 
systems of working coal we have but few cases of its application,. 
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in this country at least, to systems of ^rorking other than that 
known as longwall, where a considerable length of face may be 
open for the machine to travel along ; the longer the length of 
such face available without obstruction the greater the chances 
of doing good work. It will thus be seen that a clean field is 
much better suited for mechanical coal cutting than one which 
may be much broken up by faults. 

Two systems of cutting are adopted. In one, the machine is 
made to travel continuously round a length of face from end to 
end; after cutting tbe whole length of face the machine is 
removed on a bogie to the starting point (this operation being 
usually termed flitting the machine) and cutting again resumed. 
The other method is to deal with a shorter length of face, and 
cut backwards and forwards along its length. While both 
systems have advantages the former is, perhaps, on the whole, 
the better, as one machine can be started behind the other at the 
necessary intervals, and there is no waiting at the end of the 
face until the last-cut coal has been removed, as is necessary if 
the latter be the one adopted. This is an obvious advantage in 
places where the winding of coal may be suspended for short 
intervals daily, during periods of dull trade or for want of 
waggons to load on, a source of much too frequent complaint at 
many of the Scotch collieries. 

Where coal cutting by machinery is contemplated, the work- 
ings should be laid off in such a manner as to provide the utmost 
fi&cilities for the machines. With steep inclinations it will be 
found better to cut to the dip and rise, rather than across the 
level course, on account of the greater ease with which the road 
for the machine can be kept. Where the inclination is flat this 
is of little consequence, and cutting may be performed with 
equal ease in any direction. 

One method of arrangement for a flat seam is shown in Fig. 
102, the cutting being carried on continuously round the coal 
face from the level upon the one side to that upon the other, the 
machine being then loaded up on a bogie and flitted along the 
level back to the original starting point. In the dook cutting 
would be done down the one side and up the other. In providing 
a starting place for the machine a hole may be cut square into 
the coal by hand large enough to admit the disc, or, if a start 
is made from a winning-out place, such as the level, the place 
may be kept far enough forward to let the machine open up its 
own cut. This can often be readily carried out by keeping the 
low or dip side building or pack well forward, and leaving as 
wide a space as safety will admit of on the rise side. The 
machine can thus be brought close into the face, where it starts 
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to cut just behind the nose, gradually eating in as it goes 
forward. Fig. 103 will give an idea of the appearance of such a 
place for starting the machine from. In passing round curves 
with the machine they ought to be made as easy as possible, but 
curves of fairly short radius can be negotiated if care is taken to 
keep the machine well bridled, at the same time letting the rails 
skid if found necessary. 
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Fig. 103. — Opening Machine Cut. 
A = Starting place for machine. I AM— Back of holing. 

Bj=lFull cut begins. | P = Pack walls or buildings. 

Another method of laying off workings to suit coal cutters is 
«hown in Fig. 104. This is the system adopted at Altofts 
Oolliery, Normanton. The coal is worked on the panel system, 
and brought from the boundary home ; this has the advantage 
of having all the roads passing through solid ground, and causes 
them to be kept up cheaper than if they were carried through 
waste. A central heading, A B, is driven, and the coal worked 
from that downwards, until it reaches a specified distance from 
the main roads, that part being then stopped, and the upper 
portion from the central beading carried back towards the other 
side of the panel. The lower part is shown as completed, while 
the upper part has the lace extending from C to D, the coal 
being conveyed back through the roads between the pillars to 
the main roads, M B. 

This system of working offers advantages under its own 
particular circumstances, and it may be said generally that the 
same statement applies to most seams, and that no rule can be 
given as to what the best method may be unless all the circum- 
stances of the particular case are known. Although workings 
have to be specially laid out for machine cutting it is always 
possible to arrange old mines for the use of such machinery, and 
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although in some cases such a proceeding might he very difficult- 
to carry out, in other cases the changes involved might only he 
trifling, as much depends on the system of working in vogue and 
upon the time the seam has heen worked. 

Transmission of power to the machines may be accomplished 
by compressed air, or by electricity ; and of the two methods 
electricity is the one that is best adapted for this particular 
purpose. As compared with compressed air the first cost of 
plant is less, the future working costs less, on account of the 



MJt\ 




Fig. 104.— Panel Working. 

higher efficiency of the electric transmission, and little or no 
trouble is encountered while moving from place to place. While 
compressed air may be used with an efficiency of from 25 to 40 
per cent., electricity will give from 55 to 65 per cent., and that 
within reasonable limits of first cost. By using heavy cables 
and costly machines the efficiency could be increased to a con- 
siderable extent, but it is questionable if the gain thus efiected 
would compensate for the increased capital outlay ; and for that 
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reason only the approximate eflficiency of ordinary everyday 
coal- cutting plant has been instanced. 

Another important factor is that for a given space an electric 
motor will generate more power than any other class of machine 
capable of being put into the same space, and consequently more 
power is available for a given size of machine when electricity 
is adopted as the motive power. Against this there is the 
danger of sparking at the brushes or of damage to the cable 
igniting gases ; both these sources of danger can be obviated by 
the means already explained. Besides this, it may be noted, 
that there are but few mines which contain explosive mixtures 
of gas and air travelling along the working face, and in the 
event of quantities having to be cleared away from any point,, 
so that the air might be temporarily explosive, the machine 
could be stopped. 

It is often urged against electrical machinery that it is fragile,^ 
and on that account easily damaged. That, under certain 
circumstances, damage is somewhat readily sustained the author 
must admit, but such damage is due^ in nine cases out of every 
ten, to ignorance or carelessness on the part of the person in 
charge, and not to the defective construction of the machine. 
Take, for instance, the case of a coal-cutting machine, which ha& 
been made to bury its cutting wheel up to the frame, in passing 
through a nose on the face ; if the machine is driven by 
compressed air, and if it cannot cut its way through, the engines 
will simply stick and no damage will ensue. On the other 
hand, should the machine be driven by a series wound motor 
current will be taken in proportion to the work done, and 
the machine will either be driven through the obstruction or 
the motor armature will be burnt out unless the fuse protecting 
the circuit gives way. The author has known 'more than one 
instance where, to save trouble in cutting through ground of 
variable resistance, and where fuses were burst pretty often, 
the person in charge has inserted larger fuses, and even in some 
cases put in a piece of copper wire of the same gauge as the lead 
fuse, with the result that the current rose beyond the carrying 
capacity of the wires on the motor armature and caused it to be 
burnt out. Such occurrences are, as a rule, laid to the charge 
of the machinery, and have done much to hinder the more rapid 
extension of electricity for the purpose of supplying power for 
cutting coal. 

The power required to drive machines will vary with the 
speed of cutting, depth of cut, nature of the material being cut, 
and the condition of the seam, and may be anything from 
10 to 60 H.P. Ample power should be provided, and machines- 
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should be fitted with motors of from 25 to 30 H.P., which 
will run continuously under full load without injurious heat- 
ing, and wiH take an additional load of at least 50 per cent. 
Above their normal for short periods. There is little doubt that 
this is the key to the whole question as past experience shows, 
for with the earlier attempts to drive coal-cutting machines by 
electricity little but failure was the result, this being, in many 
cases, due to the mistaken idea that a motor of about 12 H.P. 
was ample for the purpose. All the modern machines that 
have been successfully applied have been fitted with motors 
of about twice that power, and the tendency of the best makers 
is still to increase the power, when this can be done, without 
altering the general design of their machine. Some machines — 
e.g,, the Clarke & Steavenson cutter — are now fitted with 
motors which can give 30 H.P. at normal load, and which 
may give twice that power for a minute or two, should an 
increase of load render it necessary. The power actually required 
will vary to a considerable extent within very short periods, the 
greatest variation being found in cases where the cutting is done 
below the level of the rail, and where the material being cut has 
any tendency to break out in small blocks before the cutters, as 
such pieces frequently get jammed between the revolving disc 
and the solid pavement below, or the coal above, and have to be 
crushed through, extra power being required. For this reason 
it is of importance to allow ample power for driving these 
machines, so that should any extra demand be made it will be 
immediately met with, and generators should be provided accord- 
ingly. The author's opinion is that for one machine a generator 
of about 60 H.P. should be used, with two machines a generator 
of about 80 H.P., and with three machines a 110 H.P. generator ; 
for a greater number of machines the surplus power of the 
generator over the aggregate of that of the motors might still 
be diminished a little, but would have to be kept sufficient to feed 
all the machines working together at normal load, although the 
greater the number of machines provided, the less likelihood 
there will be of the whole of them being at work smultaneously. 
Machines are of difierent types, those best suited for electrical 
driving being — 

1. The Bar Machine, 

2. The Disc Machine, 

3. The Chain Machine, 

-each of these having its special advantage under various con- 
ditions. 

Bar Machine. — The first-named type of machines is fitted with 
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a tapered steel bar, which is attached to a socket carried on 
the frame of the machine. The bar is driven by means of a^ 
motor, which is geared in the usual way. Steel-cutters are fixed 
at intervals along the bar, which has a spiral thread cut upon it, 
these cutters being placed either on or between the threads,, 
according to the width of holing required. A rectangular frame 
carries the motor, the haulage drum and ratchet gear for feeding,, 
together with the necessary motor starting resistance, and other 
small details, the whole being mounted upon four wheels of 
small diameter fitted with double flanges. The speed of the 
bar is from 300 to 500 revolutions per minute, and in some 
types a slight reciprocating motion is also imparted to it. It is 
claimed for this type of machine that the high speed of the 
cutter bar reduces the gear required to a minimum when 
electricity is employed, and as far as the author is aware this 
class of machine, as it exists at present, is only used with 
electricity as the motive power. The best known British 
machine of this class is the Hard, made by Messrs. Mavor & 
Coulson, Glasgow. Three sizes are adopted, so as to suit the 
various requirements of different seams. The small size has a 
height of 14^ inches, including the rails upon which it runs, the 
width is 2 feet, and the length over all 7 feet. The total weight 
of this machine is about 22 cwts., and it is arranged to cut from 
2^ to 3^ feet under the coal. It is fitted with a motor that takes 
25 amperes at 400 volts. Allowing for the loss on conversion of 
electrical into mechanical energy, this represents about 10 H.P. 
as the normal load for the machine. 

The medium size has a total height, including that of the rails, 
of 1 7^ inches, with a width of 2 feet 8 inches, and a length over 
all of 9 feet 6 inches. Its weight is about 30 cwts., and the 
depth of cut taken is from 3 feet to 4J feet. The motor takes 
35 amperes at 400 volts, which, after allowing for efficiency, 
leaves about 16 B.H.P. 

The large size has a total height of 22 inches, including the 
rail, with the same width and length as the medium size, while 
the depth of cut may be from 4 feet to 6 feet. Its weight is 2 J 
tons, and the driving motor takes 55 amperes at 400 volts, which ^ 
after making due allowance for efficiency, leaves about 25 B.H.P. 
available. 

Although of different sizes the design of these machines ia 
the same in each case, and all are fitted in such a manner that 
various lengths of cutting bars can be used, as the bar fits into a 
socket, which, with the gearing, is carried upon a table which i& 
movable, and allows of the bar being swung in and out of the 
holing, or tilted up and down while working to whatever angle 
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may be required. The machine will thus cut from either side, 
and can be made to open its own way into the coal. While at 
work .the bar can be raised or lowered if necessary, and the 
thread upon the bar acting as a worm conveyer helps to clear the 
cuttings out from the holing. In addition to the rotary motion 
a reciprocating motion is also given to the bar. The travel of 
the machine is arranged in the usual way, a small drum being 
provided which is worked by means of a pawl and ratchet wheel, 
the rope from the drum being carried forward and passed round 
a wheel which is fastened to a firmly-set prop ; after passing 
round the wheel the rope is brought back and the other end 
fastened to the cutter-bar bracket. A connecting-rod is attached 
to the pawl, and works in a slotted disc, which is driven from 
the motor ; by varying the distance of the movable connecting- 
rod pin from the centre of the slot the feed can be adjusted to 
suit the requirements. A guide gear, worked by a screw, is 
arranged in front of the drum, so as to lead on the haulage rope 
evenly from side to side. The gearing is entirely enclosed, and 
runs in an oil bath. The motor, which is a series wound 
multipolar, is also enclosed and protected from damage by falls, 
and fitted with carbon brushes, so as to reduce sparking to a 
minimum. 

The machines are made so as to cut their own floor where 
necessary, or can be arranged to cut at any required height 
above the pavement level. 

A machine, suitable for cutting at the bottom of the seam, is 
shown in Fig. 105, and is known as the Undertype Gutter; 
while one fitted for cutting above the floor level is shown in 
Fig. 106, and is usually called the Overtype. 

A considerable number of machines of the above types are 
now at work, and are giving very satisfactory results, especially 
where the cutting is done in the bottom of the coal seam itself. 

The Disc Type of Machine. — This class of machine, which is 
well adapted for longwall work, consists of a wheel, varying 
from 3^ feet to 6 feet in diameter, projecting from the frame of 
the machine, and supported by a suitable bracket. The wheel 
is driven by suitable mechanism, and is furnished with tool 
steel -cutters, fixed in suitable boxes placed at intervals round 
the periphery ; feed gear for dragging the machine forward is 
also fitted. During the forward motion the cutter wheel 
revolves, cutting under the coal like a horizontal circular saw. 
A well-known machine of the disc type is that of Clarke <k 
Steavenson, whose firm was among the first to apply electricity 
to the driving of coal-cutters. The machine is built of steel 
throughout, and is well designed, and of exceptional strength. 
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The design is the outcome of many years experience of the 
working of coal-cutters, and alterations have been introduced 
from time to time in order to enable it to fulfil the somewhat 
exacting conditions required for successful coal cutting. At the 
present time its mechanical parts are almost perfect, and the 
machine is one that will work with credit under the most 
unfavourable conditions. It was first introduced at the Lidgett 
Colliery in 1893, and the success was so marked that the machine 
has since been adopted in many collieries in both Scotland and 
England, while some have been exported to our colonies, 
altogether over 130 of these machines being now at work. At 
Lidgett the company has a compressed air plant and an electric 
plant working side by side, and are thus in a favourable position 
to make comparisons ; and they state that they strongly recom- 
mend electricity, as "the first cost of plant is cheaper, the 
efficiency greater, and the cost of maintenance much less." 

The machine is made in two types, known as the Standard and 
the Low type. 

The Standard, of which Fig. 107 will give a general idea, 




Fig. 107. — Clarke & Steavenson's High-type Coal-cutter. 

stands 26 inches above the rails, and is fitted with a 5-foot wheel. 
Its total length is 8 feet 6 inches, while its width is 3 feet, and 
it weighs about 2 tons 5 cwts. The motor which drives the 
machine is of the enclosed type, and all windings, brush 
gear, connections, &c., are protected from injury by being 
enclosed in a strong iron casing which is thoroughly gas tight. 
This casing is shown in Fig. 108. 

The motor has a normal working load of from 23 to 25 H.P. 
and is capable of giving over 40 H.P. without risk for short 
periods, it will thus be seen that under normal working load 
the motor will run practically sparkless, and without heating 
to any appreciable extent. For starting and stopping, a double- 

12 
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pole, double-break resistance switch heavily built and fitted in 
a gas-tight case, is provided. 

The Low type machine, which has been specially designed for 
use in some of the thin Scotch seams, is 19 inches in height, 
9 feet long, and 3 feet wide. The cutter wheel is 4 feet in 
diameter, and works below the level of the rail, the machine thus 
cutting its own floor. This type of machine is shown in Fig. 109, 




Fig. 108.— Coal-cutter Motor. 

and comparison with Fig. 108 will show that the chief difference 
consists in the lowering of all parts as far as possible, in order 
to make the machine capable of cutting in very thin seams. 
The weight of the machine is also somewhat reduced, being in 
this type about 2 tons. Since starting this class ot machine, 
the makers have been able, by making a very slight structural 
alteration, to fit it with a motor of 30 effective H.P. 
instead of one of 23, which was originally used, and this has 
been effected without increasing its height. This alteration will 
be of the greatest importance in cases where the machine is 
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-cutting in a hard pavement, as cutting is only a question of 
power, no matter what the nature of the material. For hard, 
continuous work this machine is one of the best, the author 
having seen it running continuously overloaded to the extent of 
50 per cent., and on some occasions, such as the jamming of the 
cutter- wheel, giving 70 H.P. for a minute or thereabouts. The 
arrangement of the motor and starting gear is the same as in the 
Standard type; but an advantage might be gained by altering 
the switch handles from the top to some place upon the end of 
the switch-box, as when working in very low seams they are 
sometimes inconveniently near the roof. In seams where naked 




Fig. 109. — Clarke & Steaven^on's Low type Coal-cutter. 



lights were in use, the motor casing might also, with advantage, 
have one or two small holes, closed with wire gauze of fairly 
open mesh, made in it. This, while preventing anything large 
enough to do damage from entering, would allow air to circulate, 
and would thus keep down heating, even with the machine 
running constantly overloaded. 

The cutting speed of the periphery of the disc is about 300 feet 
per minute. Twenty cutters are used, half of them being single 
And the other half forked, as shown in Figs. 110 and 111. 

The spread of the fork is about 4^ inches, so that the groove 
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which they cut in the coal or underclay is about that width, or 
slightly over. For thin seams, where cutting must be done in 
the floor under the coal, these machines give excellent results, 
the actual amount of cutting depending on the conditions and 
the handling of the machine. The author has seen the Low typo 
machine cut 42 yards of face to a depth of 3 feet 6 inches in IJ* 
hours, without a single stop, this being in a fairly hard fireclay. 
Several of these machines have lately been set to work in the 
thin seams of Lanarkshire, and, judging from the results obtained, 
there is likely to be a considerable extension of their use at an 
early period. 




ELEVATION. 



PLAN. 
Fig. 110.— Single Cutter for Clarke & Steavenson's Machine. 




Double Cutter. 



/ Until lately this machine was employed for cutting con- 
tinuously in the one direction. As cutting back and forward 
is often a necessity in the Scotch seams, the machines that have 
lately been introduced into some of the Lanarkshire seams have 
been fitted with a roller at the bottom of the machines, and 
bridles for either end, to allow the cut to be made either back- 
ward or forward. Although the cutting wheel is practically at 
the back end of the machine, when working in its proper direc- 

* Since writing the above the same machine has cut 48 yards |in 53 
minutes to a depth of 3 feet 6 inches. 
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tion, this causes little or no trouble when the machine is made 
to travel backwards. The attendant, being in front of the 
machine instead of behind, has to be a little more careful, and 
the shovelling away of the material from the cutter wheel is a 
trifle more awkward, otherwise the machine works as well as 
when going forward. In cutting back, the cutters have to be 
changed, so as to slope in the opposite direction to that required 
when cutting forward, the motor being reversed by simply 
reversing the brushes. 

Another machine of the Disc type that is doing good work is 
that made by the Diamond Goal Cutter Company, Normanton. 
Like most other successful machines, it has been improved con- 
siderably since first set to work, the improvements being the 
result of actual experience gained from the working of the 
machine. 

The machine (Fig. 112), when driven electrically, is fitted with 




Fig. 112. — Diamond Coal-cutting Machine. 

two motors, one at either end. The armature shafts of the 
motors are connected to a disc in the body of the machine, 
the gearing to drive the cutter-wheel being taken from this 
disc. In some of the machines two three-phase motors are used 
instead of continuous current, the gearing being the same. The 
cutter- wheel is made in two halves, and bolted together; this 
admits of easy transport should it be necessary. 

The cutting tools are all single, and are fixed in a staghead 
cutter-box (Fig. 113). This box is bolted on to the rim of the 
wheel, the tools being put in from the inside, and kept in place 
by a flange and the projection upon the wheel to which the box 
is secured. The spread of the tools is obtained by their arrange- 
ment in the tool-holding box. It is claimed for this arrangement 
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that increased rigidity, regularity of cutting, immunity frou> 
breaking off in the sockets, and easy means of changing are 
obtained. The machines are fitted with two 10 to 15 B.H.P. 
motors, completely enclosed in gas-tight cases, and also with 
combined starting and reversing switches. 

A number of machines of this class are at work in some of the 
thicker Yorkshire seams, and are there undercutting the coal to 
a depth of 6 feet 6 inches. There is not the slightest doubt 
that, where circumstances admit, deep cutting is most desirable^ 
as not only does it save labour in moving the machine itself, but 
it concentrates the workings, and reduces or completely does. 





Fig. 113. — Diamond Cutter-box. 
A = Part of rim of wheel. I C = Front elevation of cutter-box. 



B = Elevation of cutter-box. 



D = Attachment for cutter-box. 



away with the necessity for shot-firing, thus improving the safety 
of the mine (Fig. 114). 

The machines are also working in many thin seams cutting 
their own floor, the depth of cut in such cases being the usual 
3 feet 6 inches or thereabouts. The actual rate of cutting varies 
with conditions, as in all the other cases already mentioned. 
There is one case recorded where this machine has cut 83 yards 
per eight hours' shift to a depth of 5 feet 6 inches under, the dis- 
tance named being the average rate during two years working. 
The seam was 4 feet thick and flat ; the holing was done in a 
dirty bottom coal ; previous to the introduction of these machines 
the output was 3 tons 5 cwts. per man, which was increased by 
the machines to 6 tons per man. Shot-firing was also reduced 
from 35 to 40 shots per day to one occasionally, owing to the 
increased depth of holing. The Diamond Company have lately 
brought out an arrangement for adapting the machine to cut its 
own way into the coal. The apparatus is placed under the rail* 
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upon which the machine rests, and the machine moved into the 
face by a screw, the cutter-wheel being kept revolving, thus 
cutting its way in. The haulage gear is thrown out of operation 
until a sufficient depth has been attained. 

One great advantage is that most of the working parts of the 
Diamond machines are interchangeable, and where a number of 
machines are at work it is only necessary to keep one set of spare 
parts, as these parts will fit any of the machines. The machines 
can be made to cut in either direction without trouble, and are 
fitted with a reversing switch to effect this. As already stated, 
polyphase motors have been fitted to some of the machines ; 
where such has been done the use of slip rings for starting have 
been entirely dispensed with, the starting torque being got by 
letting the motor make a few revolutions before taking up load. 




Pig. 114. — Fall of Machine-cut Coal; depth of undercut, 6 feet. 

This is done by means of the disc already mentioned, from which 
a projecting pin drives the gear, the arrangement allowing the 
motor to make about six revolutions before this pin catches. 
The chain type of coal-cutter is used chiefly in " stoop and room," 
or " pillar and stall " workings, but so far has not been adopted 
to any extent in this country. 

In America, however, this class of machine is much used, and 
with good results, so that its adoption over here can only be a 
question of time, because if American owners can work " stoop 
and room" advantageously by machinery, there is no good 
reason to prevent the same thing being done by others. The 
question of wages and the scarcity of labour may, to some extent. 
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favour America in regard to this, but against that is the fact 
that most of the British coals are more difficult to under-cut 
than American (as instanced by the power provided for American 




Fig. 115. — Jeffrey Chain Coal-cutter. 

coal-cutting machines as compared with British), which renders 

them the more likely to produce good results if under-cut 

mechanically. 

The best known machine of the chain type is that made by 
the Jeffrey Manufacturing Company, and 
largely used in American mines. This 
machine is shown in Fig. 115. It is 
29 inches in height over all, and is built 
to cut 5 feet 6 inches in depth and 39 
inches width, or 7 feet in depth with a 
width of 44 inches, the height of the cut 
being about 4 inches. There are three 
principal parts, the bed frame, the 
sliding-chain frame, and the motor car- 
riage ; a feed rack and cross-bar, on which 
rests a screw jack for taking up the back 
thrust, is fitted upon the frame. 

The cutter frame is triangular in 
shape, the sprocket wheel forming an 
apex, while two small wheels are fixed 
in the cutter head for guiding the 
cutting chain, these forming the base. 
The driving and feeding mechanism is 
mounted on the carriage. The cutters, 
of which Fig. 116 is an illustration, 
are nearly straight, with a slight hook 

at the cutting end, and must be carefully set and kept in good 

condition. 




Fig. 116.— Jeffrey 
Cutters. 
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When working the chain is driven round, while at the same 
time the cutter head and frame are carried forward into the 
coal. After the cut has been completed the machine has its 
travel reversed, and the cutter frame is drawn in, the machine 
is then slid along a distance equal to the width of the cut, and 
operations recommenced. In order to ^x the machine firmly in 
j>08ition two jacks are used, the front one being screwed up to 
the face of the coal and the rear one to the roof. The machine 
is worked by two men — the operator and an assistant — who sets 
the front jack, and shovels back the small coal from the cutters. 




Fig. 117. — Jeffrey Chain Machine at Work. 

When the cut is completed, the machine is moved by means of 
crowbars across the skid boards laid down for this purpose, and 
although the weight of the machine is over 2 tons, it is easily 
moved by two men. The operation of cutting by means of this 
machine is shown in Fig. 117. 

When under-cutting stoop and room workings by machinery 
the machine has to be shifted from place to place at frequent 
intervals. To accomplish this with as little loss of time as 
possible a special truck (Fig. 118) is provided. This truck is 
fitted with a sliding bottom that is run out underneath the 
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frame of the machine, which is then made fast, the whole being 
dragged back on the truck by the aid of the winch fixed at the 
end. Here, again, the two men in charge of the machine do all 
that is required. After loading upon the truck, which has the 
same wheel gauge as that of the colliery tub, the machine is 




Fig. 118. — Jeffrey Angle-iron Truck with Self-propelling Gear. 

conveyed along the tram road to the next working face. The 
rear end of the truck is then lifted, and the machine slides off, 
reaching at once its proper position to begin working. 

To prevent the necessity of wiring each room, a means of 
transmitting the power from the feed-wire in the road is 




Fig. 119.— Reel and Cable for Coal-cutter. 

provided. It consists of a cable, which is moved about the 
mine with the machine. This cable is usually about 250 feet 
long, and is wound upon a reel. It is of the twin type, both 
cables being placed side by side, thoroughly insulated from each 



COAL CUTTING. 



187 



other, and then bound together. On the ends of each are hooks 
for making contact with the main cable. After this contact is 
made the reel is carried into the room along with the machine, 
the required length being wound oiF, the other ends are fixed to 
the motor terminals, and the machine is in a position Co start 
work. The reel, with cable wound on, is shown in Fig. 119. 

The dimensions of the ordinary machine are : — Length. 10 feet 
3 inches; width, 3 feet 8 inches across the chain and cutter-bits; 
and height, about 29 inches. As already stated, the total weight 
is about 2 tons 13 cwts., while the weight of the truck is about 
5 cwts. 




Fig. 120.— Parts of Jeflfrey Coal-cutter Motor. 

The motor, which is shunt- wound and gives about 15 H.P., is 
of the multipolar type, with two field coils, the frame being so 
arranged that the windings are protected from injury, although 
the motors run open. The armature is of the ironclad type, 
which provides protection for the windinor. 

All the parts of the motor, together with the starting switch 
and resistance box, are shown in Fig. 120. 

The Jeffrey Company give the following as their record per- 
formance, which was accomplished with' a machine built to 
undercut six feet with a width of forty-four inches: — Number 
of cuts 6 feet deep, 104; time taken, 9 hours and 40 minutes;. 
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lineal feet of face cut, 333. The truck used was of the self- 
propelling type, and the machine was moved six times, the 
cutting heing accomplished in five rooms and six narrow places. 
While this is a remarkable performance, there is probably little 
chance of doing anything like it in Britain, for two reasons. 
First, British coals are, on the whole, harder and more difficult 
to cut than the average American coals; and secondly, the 
machine would be worked by persons who had been accustomed 
to it for a considerable time. This consideration could, of course, 
be realised, and, indeed, it is surprising to see how much the 
amount of work done by any coal-cutting machine will depend 
on the ability and willingness of the workmen in charge. The 
working of these machines is quite simple, but, like all other 
classes of machinery, they have little tricks which vary in 
different seams, and are due to different conditions. These 
should be carefully watched, and, once noticed, precautions 
should be taken for their future prevention. Attention to the 
front and rear screw-jacks is of the utmost importance; they 
should be set tight, and followed up after cutting has com- 
menced. 

In thick seams worked by the stoop and room system, it is 
often advisable to shear one side of the coal after it is undercut. 
When this is done the coal is obtained with the minimum of 
blasting and breakage. The Jeffrey Company make a machine 
for this purpose, which closely resembles their heading machine. 
It consists, like the latter, of three parts — the bed frame, the 
chain cutter frame, and the motor carriage. The bed frame is 
constructed with two rectangular steel channel bars and two 
steel angle bars firmly braced together. A steel casting joins 
those two channel bars at the front end of the frame, and forms 
a guide for the cutter frame. Just behind this casting are 
ri vetted two lugs which support the split clamp for the front 
jack. The main jacks are fixed between the centre and the 
back end of the bed frame. On each side of the supports for the 
main jack bearings for truck wheels are fixed. The cutter con- 
sists of one steel centre rail, a cutter head, and two steel guides, 
in which the chain runs. The motor is of the four-pole type, 
with two field coils, and is so constructed as to have complete 
protection for all parts from any falls of material that may 
occur. The machine, which is shown in Figs. 121 and 122, 
weighs about 3000 lbs. 

When about to be used, the machine is placed on the floor 
close to the coal, and the jacks are set in their proper position. 
The machine is then raised to the top of the seam and cutting 
<}ommenced. After the first cut has been completed the machine 
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is lowered a distance equal to the depth of the cut, and shearing 
again commenced. The amount of work the machine will per- 
form depends greatly on the nature of the coal; but from 50 to 




Fig. 121. — Jefl&^y Shearing Machine. 

100 feet of shearing in a seam 7 feet high may be taken as about 
the average. A single cut is 36 inches high, 4 inch,es wide, and 
6 or 7 feet deep, as may be required. 




Fig. 122. — Jeffrey Shearing Machine ready to begin Cut, 

The Jeffrey Company also make a disc machine suitable for 
use in long wall workings, a few of which are at work in this- 
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Fig. 123.— Jeffrey Long Wall Coal-cutter. 




Fig. 124. — Jeffrey Long Wall Machine at Work. 
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country. The machine has some novel features, when compared 
with any of the disc types already described. It runs upon one 
rail only, the rail being kept in position by means of screw-jacks; 
it is claimed that this overcomes the tendency that exists in two 
rail machines to leave the rails. The cutter-wheel is lowered so 
that the machine cuts its own floor, as in the other cases already 
noted. An arrangement is fitted for tilting the cutter-wheel, so 
that small obstructions may be holed over. The machine is 
arranged to cut either backward or forward, but when running 
in its right direction the machineman is in front of the machine. 
The feed consists of the ordinary ratchet and pawl arrangement 
upon the haulage drum, and is driven by means of an eccentric. 
Three speeds are provided — 8 inches, 16 inches, and 25 inches 




Fig. 125. — Jeifrey Long Wall Machine at Work. . 

per minute. The feed can be stopped, started, or changed without 
stopping the motor. The haulage drum is fitted with a friction 
clutch, which slips, should the strain upon the haulage rope 
become too great. The machine is 8 feet 2 inches long, 3 feet 
9 inches wide, and 19 inclies high; its weight being about 
32 cwts. or so. It is fitted with a motor of 25 B.H.P., which is 
completely enclosed. The machine, which is really a very 
ingenious one, is shown in Fig. 123, while Figs. 124 and 125 
show the machine at work. The machine holes to a depth of 
S feet 6 inches, with a width of about 5 inches, under ordinary 
•circumstances; but can be fitted with a larger cutting disc to 
liole deeper if required. The deeper cut requires a greater 
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expenditure of power on the part of the motor, and it is only 
where the seam is comparatively easy to cut that deep cutting 
can be attempted with success. 

The motors used to drive coal-cutters are, for the most part,, 
series wound, especially if the machine is of the disc type, the 
chief advantage gained by using this form of winding being the 
increased starting power as compared with any other class of 
winding, a very important matter in many instances. There is, 
however, the drawback that this motor will take power in pro- 
portion to the work it has to perform, and should the machine 
be made to jam itself in such a way that an enormous amount 
of work might be required from the motor to extricate it, the 
motor will take current until the fuse blows or the armature 
gets burned out. The motors are generally multipolar, having 
four poles and only two field coils. Fig. 126 will give a general 




Fig. 126. — Section of Coal-cutter Motor. 

idea of the section of such a motor, the object of making it, as^ 
shown, being to keep down the height to the smallest possible 
amount, and at the same time allow the armature to be of as 
large a diameter as possible under the circumstances. 

The armature may be either wave or lap wound. If the 
former, two sets of brushes set at 90 degrees and with twice the 
ordinary section may be adopted. If the latter, four brushes, 
or two sets in parallel, may be used. The chief point in connec- 
tion with the motor is the rigidity of the armature, as the 
amount of vibration tells very greatly upon it unless its con- 
struction is of the mosc rigid description, the common failure in 
many armatures being the wrenching away of the coils from 
the commutator lugs. This may be avoided by using a com- 
mutator with solid lugs and the ordinary mica insulation 
between, or, in the case of a machine already at work, the 
ordinary type of commutator lugs may be strengthened by 
lacing them together with whip cord, and then putting a band 
of binding wire upon mica insulation, on the top of the coils 
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where they join up.* The work done by such an armature is 
of so variable a nature because of the continually changing load, 
that it is absolutely necessary to have the coils very firmly 
bound into position, and for this purpose the best piano wire 
should be used, the bindings being firmly soldered together and 
bound at frequent intervals, and, of course, well insulated from 
the armature coils. 

Care should be taken to keep the lugs of the commutator as 
short as possible, as if too long there is a tendency for an arc 
to be formed between them and the motor casing. The brush 
gear should also be kept as far from the casing as possible, and 
should be ol such design that the brushes do not easily jump 
from the commutator during periods of excessive vibration. 
Unless this point is attended to, an arc may similarly be started 
between them and the motor casing. It must be remembered, 
in connection with the above, that the motor of a coal cutter is, 
in all cases, one in which all parts have to be packed into the 
least possible space, and at the same time the machine cannot 
be ujade to work under conditions such as exist in any ordinary 
case, but that vibration must always be reckoned on. It will 
thus be seen that great necessity for care and forethought exists 
in the design of a coal-cutter motor, especially as regards the 
armature. Failures, when they occur, are due, as a rule, to 
some of the causes already dealt with in Chapter in., and should 
be met with as there recommended. A good plan is to have 
the failures repaired on the ground, as it saves time and expense 
of transit. In most cases this can readily be done if the failure 
is electrical, if mechanical it can only be dealt with if the neces- 
sary machine tools are on the ground. The repairs will, at first,, 
best be done by or under the supervision of a skilled elecirical 
engineer, but many of the minor repairs may ultimately be left 
to some of the colliery mechanics, who should do all in their 
power to increase their experience in connection with the carry- 
ing out of such repairs. 

Where coal cutting by machinery is in contemplation the 
colliery manager should consult some firm of electrical engineers 
who have had experience in such work, and get them to ex- 
amine and report upon the suitability, or otherwise, of the seam 
for that purpose. Most firms who specialise in that class of work 
have mining men of experience associated with them, and are 

* Since writing the above, the author's firm have adopted flexible con- 
nections between the conductors and the commutator, for the purpose of 
coping with the above difficulty, and although it is yet too early to say 
that this completely removes the source of trouble, it has certainly done a 
great deal to minimise such failures. 

13 
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thus in a position to give sound advice. Once the plant has 
been laid down its starting and working should be left in the 
hands of the contractor for a week or two, but the colliery com- 
pany should have the men they propose putting in charge of the 
plant on the spot, so that they may be instructed in the details 
of its working. If machinemen with previous experience can be 
got so much the better ; but it is of little consequence whether 
that experience has been gained with electrical-driven machines 
or not, as any intelligent miner who will take a real interest in 
the work can be readily trained. 

In starting the machine it is important to note that it may 
have become damp, and if so, there is a tendency to short 
circuit. This can be remedied by keeping down the voltage 
and letting the amperes rise ; this heats the armature and expels 
the moisture. Another feature that sometimes presents itself is 
the starting of a machine near the pitbottom where the fall of 
voltage may be very small. Allowance will, in all probability, 
have been made for a considerable fall in volts, but until the 
workings are extended to some distance, the engine driving the 
generator must be run below its proper speed, in order to keep 
down the voltage. This may necessitate alterations of the 
governor so as to obtain the best results. 

In conveying current to the working face the mains are led 
up the gate roads at about 80 to 100 yards apart, and a gate 
switch and connections fixed. These should be enclosed and 
gas-tight if the mine is a fiery one. The trailing cables are 
connected to a gate-end switch and to the coal-cutter which 
drags the cables along the face as it moves forward. 

A cable connector has been brought out recently by Messrs. 
Davis, of Derby, which is suitable for such a purpose. It is so 
arranged that a live joint cannot be made even with the current 
on until the sheathing of the casing has closed the chamber. 
Fig. 126a shows how the joint is made. The trailing cables are 
secured to the connector by cone nipples shown at d d, and the 
two portions secured by a bayonet joint at ab. Two pairs of 
connections are required, and sparking from the live ends is 
rendered impossible by having the tongue c buried beneath the 
case. 

Various opinions exist as to the best form of cable to use. 
The ordinary insulated cables used for mains do very well, and 
if care be taken to keep them clear of falling coal, rails, <fec., will 
last a long time. Any sign of broken insulation should be 
attended to, and remedied at once. When the insulation, as a 
whole, begins to get defective, tbe cable may be 'removed and 
used for extending the mains, after being wrapped with tarred 
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cloth and given a good coating of tar, new trailing cables being 
substituted where required. 

The cutters are another important consideration, and should 
be carefully sharpened and set, the proper spread being given. 
Once the best set, which will vary with the nature of the 
material cut, has been obtained, a template should be made and 
the cutters set to that template. The cutters should have 
sufficient clearance to enable the wheel to work freely without 
jamming, but too much should be avoided, as this has a tendency 
to make the cutter-wheel go down into the floor, or rise into the 
coal. When cutting has to be done in the coal itself it may 
become necessary to sharpen the cutter with a point, like that 
put on a miner's pick, as some coals cut much better when the 
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Fig. 126a.— Trailing Cable Connector. 

cutting tool is so sharpened. A great deal depends on the 
nature of the coal, some coals cutting fairly well with the flat or 
chisel-faced tool, others requiring the diamond point already 
mentioned. The power taken by the machine while cutting, 
and the conditions of running, often show the necessity for 
alteration of the cutters. Where there is any tendency for the 
coal to fall on under-cutting, it should be well spragged close 
behind the machine. 

The road upon which the machine travels should be well laid, 
a,nd packed up level, so as to give the machine every chance. 
It is much better to expend extra work in securing the road 
than to have the machine to lift on to the rails once it has left 
them, a task by no means easy in a low working. 

Cutting under a bad roof is one of the greatest drawbacks to 
machine mining, and all the skill and foresight of those in 
charge of the machine are required under such circumstances. 
The roof may be strapped by straps of wood, if the height of the 



196 



ELECTRICAL PRACTICE IN COLLIERIES. 



seam allows of this being done, or of iron, if the seam is very 
thin, this method being shown in Fig. 127. The straps should 
be removed after the machine had passed, props having pre- 
viously been set to support the roof, and admit of their safe 
removal. 

In working coal-cutters a great many minor details crop up 
which require attention, these are best dealt with by the person 
in charge ; but one point must be emphasised, and that is, that 
the manager ot the colliery, where such plant is installed, must 
look personally into all matters, and see that the work is being 
carried out on right lines. If this be done, there are few case& 
where the adoption of coal-cutting machinery will not prove a^ 
decided advantage to both master and workmen, particularly 




Fig. 127.— Strap to Bad Roof. 

when the seams to be worked are thin, say, 3 feet 6 inches and 
under. 

Cost of Cutting. — This matter is one that depends so largely 
on the various conditions of each particulMr case that little can 
be said with certainty about it. Another difficulty is the 
reluctance of those concerned to give information as to prices. 
The following are the results of a few cases that have come under 
the author's notice : — 





Seam 3 ft. 
thick. 


Seam 2^ ft. 
thick. 


Seam 20 inches 
thick. 


Price per ton for filling coal, . 
Cost per ton for hoHng by machine, 
Cost of power, &c., per ton cut, 


S. D. 
1 
4i 
0-8 


S. D. 
1 2 
5i 
1 


S. D. 
1 9 
10 
1-4 



The above takes no account of interest and depreciation of 
capital, nor of repairs, all of which would have to be added. As 
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the above figures are from observations made over a com- 
paratively small number of oases, they can hardly be taken as 
more than a rough approach to the average price that might 
have to be paid for seams of the thickness named. It may be 
further mentioned that the figures apply to cutting in hard 
under-clay, and that under such circumstances the percentage 
of small coal would be a minimum. 

The actual saving in cost compared with hand labour varies 
from a few pence to as much as a shilling per ton, and in some 
cases even more. 

The greatest saving is generally efiected in the case of very 
thin seams, where working by hand can only be carried on at a 
profit during periods of high prices, and where the work must 
be discontinued, or carried on at a loss, when prices are low. 
The saving due to the use of machinery in such cases may make 
good what would otherwise be a loss, and enable the working 
•of the Heam to be continued during periods of bad prices. It 
will thus be seen that where the higher gain is shown it seldom 
represents that amount of actual profit, but only the possibility 
of working certain thin seams during the varying and unfavour- 
able conditions of the market. 

The following description of a coal-cutting plant, suitable for 
driving three coal-cutters, may be of interest. The plant in 
question has bpen laid down at the Over Dalserf Colliery, in 
Lanarkshire, and consists of a Tangyes horizontal engine, 20-inch 
cylinder, with 32-inch stroke, fitted with a high-speed governor, 
And running at 70 revolutions per minute. The flywheel is 
14 feet 4 inches in diameter, with a turned face 20 inches wide, 
from which the ^(enerator is driven by means of a belt. The 
generator is of the multipolar type, with an output of 75 kilo- 
watts, at a speed of 600 revolutions per minute. The field 
magnets are of specially permeable cast steel, joined in halves 
across the horizontal diameter, so as to provide ready access to, 
or removal of, the armature. Pole shoes are bolted to the poles. 

The magnet coils are of high conductivity copper wire, in- 
sulated and wound on sheet iron formers, and detachable from 
the pole arms. 

The armature core is built of special charcoal-iron annealed 
discs, insulated with varnish, and keyed to a cast-iron spider, 
<letachable from the armature shaft. Air ducts are formed in 
the core to allow of ventilation, and the slots in the core are 
lined with insulated channels before winding. 

The commutator is built of high conductivity copper bars 
insulated with mica, and mounted upon, and insulated with 
micanite from, a cast-steel sleeve secured to the armature hub. 
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The armature coils are of high conductivity copper, insulated 
and wound before being laid in the slots of the core on formers,, 
and held in position by binders of steel wire insulated from the 
conductors by mica. 

The brushes are of carbon, fitted with suitable adjusting gear 
mounted on a rocker bar. 

The machine is fitted with three bearings which are lubricated 
automatically by means of oil rings. 

The switchboard is made of two polished marble panels, 
divided by a marble partition, and framed with polished teak. 
The instruments mounted upon it consist of a double pole, 
quick break, lever switch, with carbon breaks, a deadrbeat 
Stanley D'Arsonval voltmeter, to read to 500 volts, and a dead- 
beat Stanley D* Arson val ammeter, to read to 250 amperes. 
Two safety single-pole fuses are also fitted, and are capable of 
rapid replacement, a spare one being kept for insertion should 
a fuse blow. 

The cables leading from the switchboard to the pit bottom 
are |^ size, and are suspended at intervals of 10 fathoms in the 
shaft. From the pit bottom, cables of ff size are led to where 
the machine cable of i^ size branches off. 

Current is at present supplied to one Olark <fe Steavenson 
low type coal cutter, which undercuts the Virtuewell seam to 
a depth of 3 feet 6 inches. The cutting is done in the under- 
clay, the machine making its own floor. The height of the 
seam is about 2 feet 4 inches. More machines will be set ta 
work as soon as sufficient ground has been opened for them. 
The present machine is cutting back and forward along a 95 
yards face, and is doing good work.* 

* Since writing the above the face has been extended to 200 yards ; this 
length is cut to a depth of 3 feet 6 inches in about eight and a-half hours. 
A second machine has also been installed in another section, and is cutting 
240 yards 3 feet 6 inches deep in a ten-hour shift. 
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CHAPTEE IX. 

MISCELLANEOUS APPLIANCES. 

Miners' Lamps. — Ever since the introduction of the incandescent 
lamp, mining engineers and colliery managers have looked to 
its use as a safety-lamp in the working of fiery mines. That 
the incandescent lamp is absolutely safe in explosive gas is 
unquestionable, but other weighty considerations have pre- 
vented its extensive use in mines, except at pit bottoms and 
elsewhere, where it can be furnished with current from the 
mains. As a method of lighting the working face it is imprac- 
ticable, and where electric lamps have to be used all over the 
colliery, they must, to a certain extent, approximate in form to 
the ordinary safety-lamps in common use 

So far this question has only been partially solved, and many 
improvements will yet have to be carried out upon the already 
existing lamps before they are generally adopted. 

The chief drawbacks to the use of portable electric miners' 
lamps are : — 

1. Their weight. 

2. Inability to stand rough handling. 

3. Failure to indicate the presence of either inflammable or 
irrespirable gases. 

4. First cost and upkeep greater than with oil lamps. 

5. Action more or less uncertain. 

The advantages of such a lamp, provided it be of good design 
and thoroughly reliable, would be — 

1. Freedom from risk of an explosion due to breakage or 
wilful opening of the lamp. 

2. Increased light, with every facility for making a thorough 
examination of the roof, which ought to considerably lessen the 
number of accidents due to falls. 

3. The lamp is easily cleaned. 

4. Such lamps are not extinguished if upset. 

A portable electric miners' lamp is necessarily composed of 
two parts — the battery, which furnishes current, and the lamp 
itself. 

The battery may be either primary or secondary — i.e., the cur- 
rent may be supplied from a cell where it is produced by chemical 
action, or it may be derived from a dynamo by means of a 
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storage battery, which in turn gives it up to the lamp as 
required. 

There are more difficulties in the way of primary batteries 
being used than exist in the case of secondary, and the only 
lamp that has really proved practically usable is one with a 
battery of the last-mentioned type. 

With the primary battery the chief difficulties are that of having 
an arrangement which will produce the requisite energy enclosed 
in the necessarily small space at disposal, 
and kept within the limits of weight, 
and that of furnishing the supply of 
energy at a cost that will at all compare 
with that of existing oil lamps. 

With the secondary battery the diffi- 
culties are that of the delays incurred 
in recharging the battery, and uncer^ 
tainty regarding its life, besides the diffi- 
culty of knowing whether the battery is 
fully charged or not before sending the 
lamps down to work. 

At the present time the only electric 
lamp in use in this country, so far as the 
author is aware, is the Sussmann (Fig. 128). 
This lamp is made in two forms : in 
one the lamp bulb is fixed, in the other 
it can be removed and replaced by an- 
other if necessary during the time the 
lamp is in use. In both types the lamp 
is carried in a cage which rests upon the 
top of the battery. A switch is pro^ 
vided, which lights or extinguishes the 
lamp at the will of the operator. The 
battery, which forms the bottom part of 
the lamp, is of the Faure type, and is 
made of two rectangular ebonite cells, 
each cell containing three elements. 
These elements, of which one is positive 
and two negative, consists of lead grids 
filled with paste, made by mixing oxide of lead with dilute 
sulphuric acid or sulphate of ammonia. The paste thus pre- 
pared, after being pressed into the spaces between the lead 
grids, is allowed to harden and become dry, after which the 
whole plate is placed in a bath of dilute sulphuric acid 
through which a current of electricity is passed. The effect of 
this current is to convert the oxide of lead into the peroxide, 




Fig. 128. — The Suss- 
mann Electric Miners' 
Lamp. 
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«nd the metal into the spongy state. The plates, connected hj 
strips of lead, are then placed in the cells, which are filled with 
the electrolyte. This electrolyte, which is of a gelatinous nature, 
highly porous and absorbent, is made a conductor by saturation 
with dilute sulphuric acid, and it is largely due to the use of this 
material that the lamp has been in a measure successful. The 
<;onnection between the vulcanite top and the lamp and switch 
is made by flexible cords of fine wire, fitted with brass plugs 
which enter into holes in the lead plates. 

The weight of the battery is about 3 J lbs., and it gives an 
E.M.F. of about 2 volts per cell. The capacity is about 5i 
ampere hours, which is sufiicient to run the lamp used about 
ten hours when the cell has been fully charged. 

In charging the batteries they may be put in circuit either 
singly or in series ; probably by charging them singly there is 
less opportunity of the lamp only receiving a partial charge. 

Recently a gas-indicating apparatus has been added to the 
Sussmann lamp; but how far this apparatus can be trusted for 
detecting gas has still to be shown ; meantime it shows that the 
manufacturers are fully alive to what is required, and are doing 
what they can to make the lamp as perfect as possible. 

Other portable electric miners* lamps have been brought out 
from time to time with varying degrees of success ; but as none 
■of them are being used to any appreciable extent, the author 
does not think that a description of any of them is necessary. 

Lighting and Gleaning Lamps. — Another very useful appli- 
<;ation of the electric current is that of lighting ordinary safety- 
lamps. With the ordinary arrangements for lighting lamps, the 
screwing off and on of the bottom takes some time, hence lighting 
must be started a considerable time before the men begin to go 
down, and thus a considerable amount of illuminant is consumed 
by the lamps before they are taken into the mine at all. 

If the lamps are fitted to light from an electric current, they can 
all be cleaned, locked, and prepared, the lighting being done at 
the last moment, and in a very short time. Some form of igniter 
must of course be fitted to the lamp. The one used at the 
Blanzy Collieries, and exhibited at the Paris Exhibition, is 
suitable for igniting lamps using either mineral or vegetable oil, 
and can be adapted to any of the usual forms of safety-lamps. 

It consists of a ring made of two metal washers, separated by 
^isbestos, inserted between the glass and the gauze. Each 
washer is fitted with an inside appendage which connects with 
A platinum wire. The upper washer is so fitted that it makes 
good metallic contact with the metal of the lamp, the lower 
being insulated from it. If connection be made to a suitable 
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source of current, it passes through the lamp, raising the platinun^ 
wire to a red heat, and kindles the wick communicating with the 
oil vessel. A suitable stand is provided for making the necessary 
contact, and lamps are lighted with little loss of time. 

Small electric motors, totally enclosed, and fitted with a buff 

or polishing wheel on each 
end of the armature shaft, 
are also in use for the pur- 
pose of cleaning safety-lamps 
after they have been in use 
for the day. These little 
machines are very con- 
venient, and no handier 
method of doing this work 
could be devised. 

Shot Firing.— For this pur- 
pose electrical methods have 
been in use for a consider- 
able time, and with emi- 
nently satisfactory results. 
The old methods of firing 
by ordinary safety fuses 
have several disadvantages, 
among them being risks of 
misstires with defective fuse, 
danger of ignition of gases 
if present, and the large 
amount of smoke given off, 
and consequent contamina- 
tion of the atmosphere from 
burning fuse. Although the 
use of electric methods have 
not done away with all 
these drawbacks, the dan- 
gerous element has been 
eliminated. Greater safety, 
fewer missfires, and perfect 
safety in approaching the 
shot after one has occurred 
have been gained. In ad- 




Fig. 129. — Section of Low-Tension Fuse. 

F = Fulmii^ate of mercury. 
P C = Primary composition. 
B = Platinum bridge. 
C = Copper wires. 
P = Plug holding wires. 



dition to this, there is neither flame nor smoke from fuse, and it 
becomes possible to fire any number of shots simultaneously. 

Two methods of electric blastino; are in use, the high-tension 
method and the low-tension method. 

In the high-tension system the explosion is caused by a spark,. 
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which is made to pass between two points inside the detonator. 
In the low-tension system the two wires are connected at their 
ends by a short piece of fine iridium platinum wire, which offers 
considerable resistance to the passage of current. This wire 
becomes heated to redness, and ignites the priming, which, in 
its turn, explodes the detonator. A section of a low-tension 
fuse is shown in Fig 129. 

In the high-tension system the cost is very slightly under 
that of low-tension, but this is almost its sole recommendation, 
and it is gradually giving place to the low-tension system 
altogether. The chief advantages of the latter are that the 
fuses are less subject to deterioration, than high tension fuses, 
and for that reason more suited for storage. They can also be 
readily tested by means of a galvanometer and battery in order 
to see whether they are alive, which cannot be done with a 
high-tension fuse. When such tests are made the fuse should 
be placed in an iron box, so that in the event of it being 
accidentally fired, no damage will be done. 

The fuse is exploded, in most cases, by a small magneto- 
electro machine, the windings of which are varied to suit the 
class of fuse used. These machines are of different sizes and 
weights, one, capable of firing three shots in series, weighs about 
7 lbs., while a larger one, which can deal with eight shots in 
series, weighs about 18 lbs. (see Fig. 130). 




Fig. 130.— Magneto Exploder. 

A useful auxiliary is a reel to carry the wil*es from the 
exploder to the shot hole. Such an arrangement is fshown in 
Fig. 131. Both wires are separate on the reelfand can be run 
off to any required length. IZ^ '\^ ' 

In connecting up the cables to the shots, either the series or 
parallel systems may be used ; or modifications of both, to suit 
the circumstances, may be adopted. 
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In the series system one wire of the fuse is connected to the 
cable ; the other connects the first hole with the second; the 
remaining wire from the second hole being connected to the 




Fig. 131.— Wire Reel for Shot Firing. 

third, and so on (Fig. 132). When all are connected the re- 
maining wire of the last hole is joined up to the other cable. 




Fig. 132.— Four Shot Holes in Series. 
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Fig. 133.— Four Shot Holes in Paxallel. 




Fig. 134.— Four Shot Holes in Multiple Series. 
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In the parallel system (Fig. 133) one wire from each fuse is 
connected to one cable, and the other to t^xe second cable. 

A combination of both of the above methods, known as the 
multiple-series system, is shown in the diagram (Fig. 134). 

Whatever form of connection be used, the following points 
ought to be observed : — The hole should be firmly and carefully 
tamped, afterwards the ends of the fuse wire should be un- 
twisted and cleaned with a piece of sand or emery paper, and 
connected to the firing cable by twisting the two ends firmly 
together, taking care that lead and return are kept separate. 
The ends of the twin cable can now be fastened by placing a 
stone or piece of coal over them, and the cable run off the reel 
until a place of safety is reached. The ends of the cable are 
then connected to the terminals of the exploder, and the handle 
turned sharply. When full speed is attained the pressure of the 
button makes electrical contact and fires the shot. 

In order to avoid missfires, it is best to use an exploder yielding 
more energy than is, theoretically, required, and detonators of 
sufficient strength. In very wet places it may be necessary to 
insulate the bare joints between the fuse and the cable with 
rubber tape. 

The cable should never be connected to the exploder until 
everything is ready and everyone in a place of safety, and the 
button should not be pressed until a high speed has been 
obtained. 

If the above precautions are observed, shot-firing can be carried 
out with ease and safety. 

An idea prevailing in many quarters is, that the cost of elec- 
trical shot-firing is high as compared to the ordinary methods. 
This is not the case, however, as, if compared with methods that 
require igniters, it is lower; while comparison with methods in 
which fuse only is used, shows it to be only very slightly higher. 
The chief points in its favour, however, are its greater safety and 
certainty, and on these heads alone it would be worth a slight 
additional cost. It also admits of the simultaneous firing of a 
large number of shots, and this is of considerable importance, 
particularly in such work as shaft-sinking and driving of stone 
drifts, as better results are obtained by firing the shots collec- 
tively, and less time lost by the workmen in waiting for the 
smoke to clear. 

Power Drills. — For certain classes of work machine drills are 
of great service, especially where many stone drifts have to be 
driven, although they are chiefly used for preparing holes for 
blasting down coal. Such drills may be divided into two classes, 
" Rotary" and "Percussive." For moderately-hard ground the 
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Totary type is very serviceable ; but where boring has to be per- 
formed in really hard material, the percussive drill is the best. 

The rotary drill is well adapted for driving by electricity, and 
is, indeed, frequently driven in this way. On the other hand, 
it is much harder to apply electricity to the successful driving 
of a percussive drill, and, consequently, this form is seldom 
found driven electrically. 

The main requirements of a power drill are that it should 
perform its work well, should be easily and rapidly handled, and 
should combine lightness with strength. For use in places where 
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Fig. 135.— Jeffrey Electric Drill. 

ooal-cutting is being done by electricity as motive power, and 
where the coal may require blasting, the Jeflfrey Manufacturing 
Company make a good drill of the rotary type. It consists of a 
standard capable of being set to any required position, and 
which can be jammed between the roof and floor by means of a 
strong screw. The driving motor is carried upon this standard, 
and rotates the boring bit by means of spur-wheel gear, the for- 
ward feed being obtained by the use of a screw. 
The drill is shown in Fig. 135, and is arranged so that it can 
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be turned either in a vertical or a honzontal plane, which admits 
of holes being bored at any angle. When these drills are used 
in conjunction with chain coal-cutting machines, it becomes 
necessary to remove them from place to place at frequent 
intervals. This is accomplished by loading them upon a truck 
specially constructed for the purpose (Fig. 136). 

Another machine, designed for boring in rock, stone, and other 
coal-measures strata, and known as Grant's drill, has recently 
been set to work. This machine is of the rotary type, and 
consists of the following parts : — 

The drilling machine proper. 

The supporting column. 

The shaft for transmitting power from motor to drill. 

The motor. 

These parts are shown in Figs. 136a and 1366. 

In Fig. 136a the drill is fixed in position for boring a breast- 
hole, while in Fig. 1366 the drill is arranged for boring at the 
bottom of the face. In the drill the whole of the parts, with 
the exception of the outer casing, is of special steel, and fitted 
with bronze bearings. One pair of machine-cut bevel-wheels are 
used, and power is transmitted through them from the motor 
by means of a telescopic shaft. The drill shaft is threaded 
throughout its entire length, and is furnished with a detachable 
chuck. The thrust-bearing is of the conical-roller type, and is 
designed for a working pressure of 6 tons. The feed-gear is 
controlled by means of a brake, and can be adjusted from ^ of 
an inch per revolution to zero, the adjustment being made by 
screws fitted with wing nuts, one on either side of the casing. 
This allows of ready adjustment, even in cramped situations. 

The length of travel without changing is 22 inches, and can 
t'eadily be made more. The spindle is released from the feed- 
jaws by throwing out a link, and can thus be easily moved to 
and fro. The whole is enclosed in an oil-bath. 

The column which carries the drill consists of a weldless steel 
tube 4J inches diameter, the thickness of metal used being f of 
an inch. It is fitted at the foot with two screw-jacks, which 
work in bronze nuts. A. short horizontal arm, capable of turn- 
ing round or moving up and down, is carried by the column, 
and to this arm a slide block is fixed, to which the drill is 
secured. The combined motions thus furnished admit of holes 
being bored at any angle or height, and allows of easy changing 
of the drilling tools. 

The telescopic shaft consists of a steel tube into which two 
solid shafts slide ; each of these shafts are fitted with a universal 

U 
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joint, and are fastened to the motor and the drilling machine 
respectively by means of an automatic coupling. 

The motor is series wound, and is capable of giving 4 H.P. 
It is enclosed in a gas and water-proof casing, which is mounted 
on trunnions that are fixed to a revolving turn-table, which 
admits of it being tilted to any angle, or swung round to any 
desired position. The whole can be fixed to the base of an 
ordinary colliery tram. 

The starting switch and resistance is also enclosed in the gas- 
proof case of the motor, connection being made by means of a 
detachable plug. The drill could, of course, be fitted equally 
well with an alternating current motor, if conditions rendered 
such a course desirable. 

The weights of the various parts are as follows : — 



Machine, 


. 120 lbs 


Clip gear, 


. . . 75 „ 


Oolumn and arm, . 


. . . 280 „ 


Motor, . 


. . . 600 „ 


Shaft, . 


. . . 20 „ 



When at work the drill is operated by two men. 

It has been used in Garswood Colliery and elsewhere for th& 
purpose of driving stone drifts, and has proved very successful. 

A larger machine, fitted upon a trolley, has been designed by 
Mr. Steavenson, and set to work in the Cleveland iron mines. 
It is made to work to about 6 H.P., and has done good service 
since its introduction. 

Several attempts have been made to drive percussive drilling- 
machines direct by electricity, a solenoid being employed ; they 
have not, however, met with much success. A new drill of the 
percussive type, has, however, been brought out lately, that 
seems likely to be more successful. In this form the percussive 
action is produced by suitably-designed gear, the drill being 
driven from a rotating motor by means of a flexible shaft. 

Where much percussive boring has to be done, the better plan 
is perhaps to fit up a small air-compressor near where drills are 
to work, this compressor being driven by an electric motor. The 
air thus compressed can be used for driving any of the well- 
known percussive drills, such as the Darlington or the IngersoU. 
Where power has to be transmitted over a long distance, this 
course would be more economical than that of carrying the com- 
pressed air the whole way. 

Winding. — The application of electric power in this direction 
has so far been limited. The chief difficulty to be encountered 
here is the large mass that must be set in motion and brought 
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to rest again within short spaces of time — conditions which exist 
at all large collieries — and the fact that the steam engine is 
applied directly to the work, and that, consequently, the gain 
if anything would not be great. While further applications 
of electricity for this purpose will doubtless be made from time 
to time, it is extremely questionable if the present methods 
will ever be entirely superseded by electrical appliances. 
Where electricity has been tried, it has, in most cases, been on 
a small scale only. At the Comstock Mines a fairly large plant 
is at work winding from a depth of 196 fathoms, the total load 
raised being about 34 cwts. The maximum speed is 600 feet 
per minute, and the load is raised in 2 minutes 10 seconds. 
In this instance it will be seen that the speed is very much 
below that required for most collieries, and unless a maximum 
«peed about six times as great is adopted, and ample facilities 
provided for rapid starting and stopping, it cannot compete 
with the engines at present employed for such work about 
collieries, no matter how much lower the cost might prove. 

At the Karwin Collieries in Silesia, electrical winding plants 
have been put down worked by polyphase motors. The largest 
of the two machines is one of 350 H.P. The winding shaft is 
173 fathoms deep, and 4 tubs containing about 3 tons of coal 
are raised at each run. The winding drums are 11 feet 6 inches 
in diameter, and the speed of winding is about 885 feet per 
minute. The motor is worked by two separate levers, one for 
operating the starting resistance and the other for reversing. 
Powerful brakes are provided, which are operated by the atten- 
dant, but, in the event of the cage passing the landing place, 
ourrent is switched off and the brake thrown on automatically. 
To prevent accident by possible stoppage of the current during 
the run, a small electro-magnet is placed in the circuit, which, 
if released, liberates a weight that at once puts on the brake. 

Another winding-gear has lately been supplied by Messrs. 
Scott <fe Mountain to the Heckmondwike Collieries to wind 
from a staple about 50 fathoms deep. The motor is a four-pole 
one, working at about 50 H.P. and 600 revolutions per minute. 
An automatic brake is fitted, which sustains the load imme- 
diately the current is switched off, the coils of the electro-magnet 
being in circuit with the armature of the motor. The whole 
gearing is mounted upon a bed-plate made in sections to allow 
of its being sent down the pit. The motor is driven by a 50 
kilowatt generator at the pit bank, which supplies current 
through 1030 yards of cable to the motor. 

Signalling. — The application of electricity for this purpose has 
been adopted at nearly every mine of importance in which 
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mechanical haulage is used, as it is practically the only efficient 
method of transmitting signals from widely-separated points 
underground. It is also used for shaft work, although not to 
the same extent. The bells which are used for this purpose are 
of two types — tremblers and strikers. The tremblers ring 
continuously as long as the current passes, while the strikers 
give only a single stroke each time contact is made. When first 
used for mining work the tremblers were not satisfactory, and 
single-stroke bells became common, but tremblers have now been 
made to comply with the conditions required in the mine, and 
are again being put into use. 




Enclosed Mining Bell. 



Important features in the bells used for mining purposes are^ 
that they should be enclosed in a water-tight case, and should 
be fitted with large electro-magnets, so as to provide ample 
power. It is not, as a rule, desirable to use bells with less than 
a 6-inch gong, and in many cases 8- or 9-inch gongs are used 
(Fig. 137). 

The ringing-key is also another important part of the signalling 
installation, and should be of large size, ample strength, and 
similarly fitted in a water-tight box (Fig. 138). The bells are 
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worked by means of a battery, which is invariably of the 
Leclanche type, and each cell should be of large size, that known 
as the three-pint cell being quite suitable. The number of cells 
required will, of course, vary with circumstances, but it is 
always advisable to have a good many, as there is no more 
frequent source of trouble with mining bells than that of having 



Fig. 138.— Ringing-key for Mining Work. 

too few cells in the battery. The usual arrangement is to place 
the bell and battery in the engine-room, the battery being placed 
in a dry position, and, where the temperature is not too high 
(should the engine be a steam-engine), the bell can be placed as 
near the engineman as possible. The battery and bell are con- 
nected by an insulated copper wire, and the circuit completed 
by two naked galvanised iron wires, as shown in Fig. 139. The 

PS 

GfW 
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B'B 

Fig. 139. — Diagram of Connections for Engine-plane Signal. 

B =- Bell. I B B = Battery. 

P S = Plug switch. I G I W = Galvanised iron wire (bare). 

iron wires are supported by insulators (Fig. 140), which are 
fastened to the timber by screws, the method of fixing being to 
place them from 6 to 8 inches apart, and fasten a wire to each. 
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Going round curves these insulators may be required every few 
feet, but on the straight road may have spans of from 10 to 15 
yards. The bell can, of course, be rung from any point along 
the road by simply pressing the two wires together. This 
simple arrangement does very well for haulage signals, but could 
not be applied for shaft signals in many cases, and it is owing to 
the more complicated conditions, together with the greater 
facilities for mechanical signals, that electric bells are not at all 
common for shafts, as compared to haulage planes. 

When employed for shaft work large heavy bells should be 
used, and a battery of sufficient size provided, as the work 
required from it is heavy. Bare wires are sometimes run in the 
shaft, but are seldom satisfactory, and one of the wires at least 





Fig. 140. — Insulators for carrying Bell Wire. 

should be insulated. The best plan is to run a piece of wood 
casing down the side of the shaft, the casing should have a 
rather deep groove, into which the wire fits tightly, and after 
being gently forced into place the casing may be covered with 
a thin board, care being taken to keep all nails used well back 
from the wire. After fixing in position, the casing will be all 
the better if it receives a good coating of pitch, which will help 
to preserve it under the somewhat unfavourable conditions 
which exist in most shafts. 

Telephones. — These instruments are now largely used about 
collieries, especially for surface work, although in a few cases 
they are used underground as well. One useful application is 
that of communicating between haulage planes and the engine- 
house by means of the signal wires. An instrument is fixed 
in the engine-house, and another, small enough to be con- 
veniently carried in the pocket, is used by the persons who may 
have occasion to open communication with the engine-house 
from any part of the plane. When it is necessary to speak to 
the engine-house a pre-arranged signal is made in the usual 
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way, the engineman then moves a switch, which puts his 
telephone and its own battery into circuit. The small telephone 
carried by the person who wishes to speak to the engine-house 
is connected to the wires by two hooks, and conversation carried 
on in the usual way. A very neat and convenient form has 
lately been brought out by the General Electric Company, and 
<}onsists of the usual telephone, with the addition of a small 
contact-box, which is fitted with two switches — one controlling 
the calling, the other the speaking (Fig. 141). Where such 




Fig. 141.— Watch Telephone. 

instruments are used they must be kept clean, as dirt getting in 
around the diaphragm ruins their power of transmitting or 
receiving messages clearly. Telephones are also used in a good 
many collieries for establishing communication between the pit- 
bottom and the surface, and their use in this direction is likely 
to extend. 

Ventilation. — In most mines driving of single headings, stone 
drifts, and such places, has to be carried out from time to time. 
When such places are driven some distance from the main air- 
ways, it becomes difficult to ventilate them properly, unless by 
special methods. The ventilation of such places is always an 
important matter, because they will usually give off considerable 
quantities of gas, and the method generally in use for such work 
is either to divide the road by a brattice, or to conduct air- 
pipes along one side. The necessity for partially obstructing 
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the air-current, so as to force it behind the brattice, or through 
air-pipes, is objectionable, as it interferes with the ventilation 
of the whole mine, and by far the better method is to place a 
small fan at the entrance to the heading or stone drift, and by 
this means to force the required air into the pipe, or behind the 
brattice, without interfering with the main current. Thi& 
practice is one that is becoming very common in well-regulated 
collieries, and there is no better method of driving such a fan 
temporary than by electricity. 

Small fans for such work may be of various types, but should 
be fast running, and will work best if coupled direct to the 
motor, as a great saving of space is effected by this means. A 
small blowing fan, driven by a belt, and suitable for the class of 
work referred to, is shown in Fig. 142. 




Fig. 142.— Small Fan for Ventilating Headings, &c. 

There is, perhaps, no situation about a colliery that entails 
more danger from sparking, at either brushes or switches, than 
that occupied by a fan such as has been described. This is due 
to the fact that an advance driving always encounters a consider- 
able quantity of fire-damp, should such be given off from the 
coal worked. The limited quantity of air, passed through a pipe 
or brattice, may return highly charged with gas (especially after 
a stoppage of the fan), and thus create dangerous conditions. 
It is, therefore, of great importance to see that the motor is 
completely enclosed, and that all switches are similarly pro- 
tected. The utmost precaution must also be taken to have all 
cables and connections in good order, and free from any con- 
ditions likely to produce a spark. 

Many examples of the use of electricity for driving fans are to 
be found on the Continent, some of which are on a somewhat 
large scale. 
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One example, at a Westphalian colliery, consists of a 40 H.P. 
motor which drives a Pelzer fan producing 50,000 cubic feet of 
air per minute, with a water-gauge of 3 inches. The motor is 
of the three-phase type, and is about half a mile distant from 
the generator. 

The power required to drive fans will of course depend upon 
circumstances ; but the work required is obtained by multiplying 
the number of cubic feet passing per minute by the pressure in 
lbs. per square foot ; that is, the height of the water-guage in 
inches x 5*2 ; which gives the work done per minute in foot lbs. 
Allowance will have to be made for the efficiency of both the fan 
and motor in addition. 

A fan produces 60,000 cubic feet of air per minute, with a water-gauge 
of 3 inches. Find the H.P. of driving motor if combined efficiency of fan 
and motor is 50 per cent. 

XT T> r ^ 3 X 5-2 X 60,000 x 100 _.^ 
H.P. of motor = 33^000 x 50 = ^^- 

Workshops, &c. — It is becoming a very common practice about 
collieries, where they do their own repairs, to drive the machine 
tools in the various shops by means of motors. This practice is 
now adopted by many large engineering firms, it having been 
sufficiently proved that economy is effected by such means. If 
economy results in engineering works it is likely to do so at 
collieries as well, and electrical methods offer special facilities 
in many classes of colliery work — e.g., the building of a large 
cage, which may be best done outside. In such a case the 
greater part of the work consists in drilling holes, which can 
reculily be done by means of an electrically-driven portable drill. 
There are many other examples of the same kind which might 
be quoted to show the general utility of electricity about col- 
lieries ; but sufficient has been said to show that transmission of 
power by electricity about collieries has many important features 
in its favour, and, in popular parlance, has come to stay. 

When we consider that it is only within the last twenty years 
that electric power has been introduced into collieries, we see 
that it has made very rapid strides indeed, and that it is 
destined to become even more important in the future, is shown 
by the eager way it has been taken up by colliery-owners and 
managers. 

Whether present methods will continue to hold their ground 
or will be superseded by drastic changes, it is impossible to tell ; 
but the mining engineer of the future must be prepared to regard 
electricity as one of the permanent forces with the applications 
of which he will be called upon to deal. 
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Accidents. — As already pointed out, if due precautions be 
taken in connection with the running of electric installations, 
accidents will but seldom occur. Persons who have occasion to 
work about electrical machinery should always bear in mind the 
nature of the current, and not allow their body to form part of 
A circuit where circuits of 400 volts or over are in operation. 
Nothing should be done about the wires unless rubber gloves be 
worn. Tools with insulated handles, or a piece of dry wood, 
could in many cases be used instead of the bare hand. A very 
good rule in handling live conductors or apparatus is to " keep 
one hand in your pocket." This ensures it not being used, and 
avoids the chance of making contact with both hands and getting 
the full current through the body. It is a noticeable fact that 
the majority of accidents occur with men of experience who 
have become careless by familiarity with dangerous currents. 

Ambulance work is practised about most collieries ; but the 
method of treatment for severe electrical shock may be here 
given with advantage. The method is that known as Sylvester's, 
and is as follows : — 

Place the patient on the back on a flat surface^ inclined a 
little upwards from the feet; raise and support the head and 
shoulders on a small firm cushion or folded article of dress 
placed under the shoulder-blades. Draw forward the patient's 
tongue and keep it projecting beyond the lips — an elastic band 
or piece of string over the tongue and round the chin will hold 
it in this position. Remove all tight clothing from about the 
neck and chest, especially the braces. 

To Imitate the MoveTnents of Breathing. — Standing at the 
patient's head, grasp the arms just above the elbows and draw 
them gently and steadily upwards above the head, and keep 
them stretched upwards for two seconds. (By this means air 
is drawn into the lungs.) Then turn down the patient's arms 
and press them gently and firmly against the sides of the chest. 
(By this means air is pressed out of the lungs.) 

Repeat these movements alternately and deliberately about 
fifteen times a minute until spontaneous efforts to respire are 
perceived, upon which immediately cease to imitate the move- 
ments of breathing and proceed to induce circulation and 
warmth. 

To Promote the Circulation, — Rub the limbs upwards with a 
firm, grasping pressure, employing handkerchiefs, flannels, &c. 

Promote the warmth of the body by the application of hot 
flannels, bottles, or bricks to the pit of the stomach, armpits, 
between the thighs, and to the soles of the feet. 

Allow the air to play freely about the patient — i.c., avoid 
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crowding around him. On the restoration of animation a- 
teaspoonful of warm water should be given, and when the 
power of swallowing has returned, small quantities of wine, 
warm brandy and water, or coffee should be administered. Put 
the patient to bed and encourage sleep. 

If necessary the treatment should be persevered in for some 
hours, cases being on record of resuscitation taking place after 
three hours' treatment. 

Cantions. — Do not allow crowding round the patient; avoid 
rough usage ; keep the tongue secured well forward ; under no 
circumstances hold the person up by the feet ; and do not place 
the patient in a warm bath, except by a doctor's order, and then 
only as a momentary excitant. ^ / ;^'. ^ o-^^^- ^ ^^mnar-* 

Another method that has been applied by some French 
physicians is that of passing oxygen gas into the lungs, a 
suitable mouthpiece being held over the patient's mouth while 
this is being done. The action of the oxygen is to restore the 
blood to its normal condition, and thereby help resuscitation. 

The appearances which usually accompany death are : — 
Breathing and the heart's action cease entirely ; the eyelids 
are generally half closed, the pupils dilated; the tongue 
approaches the upper edges of the lips, and these, as well as 
the nostrils, are covered with a frothy mucus ; and coldness and 
pallor of surface increase. 



THE END, 
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Stability of Ships, Sir E. J. Reed, . 38 

Nautical Series, Ed. by Capt. Blackmore, 39 

The Steam-Enffine, . Rankine, Jamiebom, . 36, 34 

Gas, Oil, and /dr-Engines, . Bryan Donkin, 28 

Gas and Oil Engines, . Prof. Watkinson, 29 

Boilers : Land andMarine, T. w. Traill, . 29 

„ Steam, R. D. Munro, . 32 

„ Kitchen, R. D. Munro, . 32 

„ Heat Efficiency of, Bryan Donkin, . 28 

Fuel and Water, W. R. Browne, . 47 

Machinery and Millwork, Prof. Rankine, 36 

Pumping Machinery, . H. Davey, . 87 

Hydraulic Machinery, . Prof. Robinbon, S7 

Grinding Machinery, . R. B. Hodgson, . 33 

Lubrication and Lubricants, Archbutt & Deeley, 32 

Rules and Tables, Rankin.r and Jamieson, 36 

Bonus Tables, H. A. Golding, . 31 

Electrical Pocket-Book, Munro and Jamirbow. 49 

Electrical Price-Book, . H. J. Dowsing, . 38 

The Calculus for Engineers, Prof. Robt. h. Smith, 46 

Measurement Conversions, Prof. Robt. H. Smith, 46 

Chemistry for Engin eers, Blount a Bloxam 47 
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a6 OHARLHS GRIFFIN d$ OO.'S PUBLWATIOKB, 

Third Edition, Rivistd, with an AddiiUnal Chapter on Ftmdaticm^ 
Numerous Diagrams^ Examples ^ and Tables, Large %vo. Cloth, idr. 

THE DESIGN OF STRUCTURES. 

A Ppaottoal T i '»a ito « on tli« Building of Bptdire** 



By S. ANGLIN, C.E., 

M ut«r of Engineering, Royal UniT«rstty of Ireland, late Whitworth Scholar, ftc 



' Students of Engineering will find this Text-Book imtaluablx " — ArckUtct 

"The author has certainly succeeded in producing a thokouohly pkactical Text- 
Book/— ^mVi^. 

"We can unhesitatingly reoemmond this work not only to the Student, as the aarr 
Iter-BooK on the subject, but also to the professional engineer as an BXCKUNNaLT 
TALVABLK book of Ttitmxict" ~M*chatu€Ml World. 



Third Edition, Thoroughly Revised, Royal 8v#. WUh numorom 
njuetrations and 13 Lithographic Plates, Handsome Cloth, Priee 301. 

A PRACTICAL TREATISE ON 

BRIDGE-CONSTRUCTION; 

Being a Text-Book on the Gonetnictien ef Bridget ii 
Iron and SteeL 

FOR THE USE OF STUDENTS, DRAUGHTSMEN, AND ENaiNEERS. 
By T. CLAXTON FIDLER, M. Inst. C. E., 

Prof of Engineering, University CoUege, Dundee 



General Contents. — Part I.— Elementary Statics. Part II. — 
General Principles of Bridge-Construction. Part III.— The Strength of 
Materials. Part IV.— The Design of Bridges in Detail. 

"The new edition of Mr. Fidlcr's work will again occiii)y the same oon- 
BPiouous POSITION among professional text-books and treatises as has been 
aooorded to its predecessors. The instruction imparted is sound, simple, 
AND PULL. The volume will be found valuable and useful alike to those who- 
may wish to study only the theoretical principles enunciated, and . . . 
to others whose object and business is . . . practical.*' — Tht Engineer. 

lONDON: CHARLES GRIFFIN A CO.. LIMITED. EXETER STREET, STRAND. 
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At Prbss. In Large 8to. Handtome Cloth. With Copious Plates 
and Illustrationt. 

The Principles and Practice of 

DOCK ENGINEEBING. 

By BRYSSON CUNNINGHAM, B.E., Assoc. M.Inst.C.E., 

Of the Engineers* I>epartment, Mersey Docks and Harboar Board. 



GENERAL CONTENTS. 
Historical and Disourtive. — Dock Design. — Constructive Appliances. — 
Materials. — Dock and Quay Walls. — Entrance Passages and Locks. — 
Jetties, Wharves, and Piers. — Dock Gates and Caissons. — Transit Sheds 
and Warehouses. — Dock Bridges. — Graving and Repairing Docks. — 
Working Equipment of Docks. — -Indbx. 

%* The object of the Author has been to deal fally and comprehensively vlth the 
problems arising out of the construction and maintenance of Docks and their appanages, 
not simply as a record of works carried out, but as a treatise on the principles under- 
lying their construction and an investigation of the mathematical theories involved. 
It is primarily intended for the student ; but it is hoped that the large amount of data 
and material collected from various sources, and in many cases contributed specially 
for this book, will render it useful to the expert engineer as a work of reference ; while, 
at the same time, of general interest to directors and others connected with the man- 
agement and administration of seaports. 



Thibd Edition. In Two Parts, Published Separatelj. 
A TEXT-BOOK OF 

Engineering Drawing and Design 

ToL. I. — Peaotioal Gbometrt, Plaki, and Solid. 3s. 

ToL. II. — Maohinb and Engine Dhawing and Design, is. 6d. 

BT 

SIDNEY H. WELLS, Wh.Sc, 

▲.M.IH8T.C.I., A.M.IHSV.MlCH.l., 

i Prloiipftl Of the Battarsea Polvtochnie Institute, and Head of iho Bngineerin|[ Dopartmeat 
therein : formerly of the Bafflneerinff Dopartmenta of the Yorkshire Oellege. 
Leeds ; and Dulwlch Oollefo, London. 

Witii memy lUuitraiions, tpedaUy prepared for the Work, and numeroue 
Bxamplest/or the Uee 0/ Students in Technical Schools and College*. 

'* A CAViTAii nxT-sooK, arranged on an azciLiiRV btstiii, calculated to give an inteUlfaat 
araap of the fatajaot. and not the mere faeultr of mechanical oopyinc. ... Mr. Wells shows 
BOW to make oomplmi wOEKiva-aaAWivas, diseusainf ftilly each step in the design."— JVIm«Ho«I 



to make oompuhi woaKiva-aaAWivas, Aseusalng ftilly each step in the design."— JVIm«Ho«I 
'wm 

'The flnrt book leads sasilt and VATvaAL^T towards th< 
hmocht into aontaet with large and mere oos^tlez designs." 



"The flrsl book leads sasilt and VATvaALLT towards the second, where the technical p«pU 
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Works by BRYAN DONKIN, M.In8t.C.E., H.In8tHeeh.E., fte 

Third Edition, Revised and Enlarged. With additional 
lUuttrationt. Large 8vo, Handsome Cloth. 258. 

GAS, OIL, AND AIR ENGINES: 

4 Praetloal Text -Book on Internal Combustion Motors 
without Boiler. 

By BRYAN DONKIN, M.Inst.C.E., M.Inst.Mbch.E. 

Obmokal Contbnti.— Oas Engines :—G«B«nd D«scription— History and D«T«k>^ 
•aoae— Bfitish, Franch, and Gcmuui Oas Engiaoa— Gas Plroducdoa for Motivo Powor— 
TliMry of tho Oat SogiBo— Chomioal ConuKMition of Ga« in Gas Eoginas Utiliiati«m «f 
HMit— BxslodoB and Combuidon. Oil HOtOPS :~Histonr and Daraloprntnt— Vai|»i» 
TVpM -Pri«tttBan's and other Ofl Sngiaos. Hot-Afa* Engines :— Hiatory and "Dvniap- 
OMB^— Various Types : Stirling's, Ericsson's, ftc., &c. 

"The BBST BOOK MOW PUBLisHBO OB Gbs, Oil, and Air Sagines. . . . WIU be of 
rsBY OBBAT XNTBiUKST to the numerous ipractioii ea|ineers who lutTe to make thesuehrvs 
fsmihar with the motor of the dajr. . . . Mr. jDoakin has the adyantage of LOwe 
pKACTicAL BxyxaiBNCB, Combined with mioh sciBMTiric and ■xpbkimbmtal xnowlbdoi^ 
and an aocuratc peroepdim of the reauirementi of Enmneers.**— 7*4# En g i nt t r . 

"We HBABTiLY KBCOMMBND Mr. DooUn's WOK. ... A moBumoBt of easefiil 
labour. . . . lAuainous and comprehensive.''-— y#«rw«/«/'{HwZv'Aiy»v. 
" A thoroughly bbliablb and kxhaustivb Tr%9X\m.'*—Sn£in44fiH£. 



In Quarto, Handsome Cloth. With Numerous Plates. 25s. 

THE HEAT EFFICIENCY OF STEAM BOILERS 

(LAND, MARINE, AND LOOOMOTIVS). 

With many Tests and Experiments on dilTerent Types of 

Boilers, as to the Healing Value of Fuels, &e., with 

Analyses of Gases and Amount of Bvaporation, 

and Suggestions for the Testing of Boilers. 

By BRYAN DONKIN, M.Inst.C.E. 

General Contents.— Classification of different Types of Boilers— 
425 Experiments on English and Foreign Boilers with their Heat Efficiencies 
shown in Fifty Tables— Fire Grates of Various Types — Mechanical Stokers— 
Combustion of Fuel in Boilers — Transmission of Heat through Boiler Plates, 
and their Temperature — Feed Water Heaters, Superheaters, ' Feed Pumper 
Ac. — Smoke and its Prevention — Instruments used in Testing Boilen — 
Marine and Locomotive Boilers — Fuel Testing Stations — Discussion of the 
Trials and Conclusions — On the Choice of a Boiler, and Testing of Land, 
Marine, and Locomotive Boilers — Appendices — Bibliography — Index. 

With Pl<U€s illustrating Progress modi during recent years^ 
and the best Modem Practice. 

" ▲ WOBK 07 XBTaXXXCX AT FBXSXXT UHIQUX. Will fflTO an BBS WW tO BbnOSt BBB 

question oonnected with the performance of boilers that it is possible to ask.'' 



'* Probably the most xxHAusnvx ruumi that has ever been eoUeetad. A fbaoroai. 
Book by a thoronghly practical man."— /roA and Coml Trod$$ ReHtw. 

LONDON: CHARLES BRIFFIN A CO.. LIMITED, EXETER 8TREEL STRAND. 
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■, M§9%»td tmd Mnimrftd. ^ImM-Mm, L—thtr, VU, M.; §0— Lmrftr mm fm 

Boilers, Marine and Land: 

THEIR CONSTRUCTION AND STRENGTH. 

A Havdbook 07 RuuM, FomKTJLJ^ Tablh, 4o., siLATrni vo Matkiual. 

SGAXiUNoa, AHD ^Pbbmuxm, Savxtt Yalth, SPBOrCM, 

Fimiroa and MounnNoa, Jta 

FOR THB USB OF ENGINEERS, SURVEYORS, BOILBR-MAKBRS. 

AND STEAM USERS. 

By T. W. TRAILL, M.lKBT.aE., F.KRN., 

Late BDfta&Mr 8vT«y«r-iB-0htef to th« Board of Tn4«. 
*«* To THB SlOOlTD AND ThIBD BdITIONS MANY NbW TaBLU for PriSHUXB, 

np to 200 Lbs. per Square Inoh hftve been added. 

** Tmi moit taivabui woek on Boiltn pnbli«h«d In VaglKud."— Shipping W^rUL 

Oontoina an BvoMfOVi Quavvitt of iKtOEMAViOH anranttd in a twj oonTcniant form. . . 
A MOtt unvvi TOLUMi . . . mppljlnff Infonnatlon to b« had nowh«ra oLm."— 2%« AviMMT. 



Third Impretiion, Large Grown 8to. With namerous llluttrationt. 6t. 

ENGINE-ROOM PRACTICE! 

A Handbook for Enfflneeni and Offleen in the Royal Nayy 

and Hereantile Marine, Including the Management 

of the Main and AuxUlary Engines on 

Board Ship. 

By JOHN G. LIVERSIDGE, 

■ngbiaer, KIT., A.M.I.C.B., Inctmetor in Appllad Meohimios at the Bojal NaTal 
Oollege, Qraanwloh. 

Cf^t^^mU.^(HxMn^ Deaoription of liarine Maehinery.^The Conditions of Serrioa and 
Ihitlaa of Bncfaiean of tha Boyal Navy.— Sntry and Oonditions of SarTioe of Engineers of 
the Leading S.B. Companies.— Baisind: Steam —Duties of a Steaming Wateh on Engines 
and Boilers.— fhntting off Steam.— Harbour Duties and Watches.— Adjustments and 
Repairs of Engines.— Preserratio and 1 epairs of "Tank" Boilers.— The Hull and its 
Fittings.- Oleaningand Fainting liaohinery — Bedprocating Pumps, Feed Heaters, and 
Aatomatle Feed -Water Begulatora — Syaporators. — Stoam Boats. — Eleotrio Light 
Maohiaery.— HTdraulio Maohmery.^ Air-Compressing Pumps.— Befrigerating Maohinee. 
—liaohinery of Destroyers.— The Management of water-Tube Boilers.— Bendations for 
btry of Assistant Bngineere, B.N.— Questions giTen in Examinations for Promotion of 
■nglneera, B.N.— Begmatlons respeeting Board of Trade Examinations for Engineers, *e. 

" The contonts oaxvot vail to bk AmsoiAnn.**— 7^ Stemmthip. 

*'This TBET usxruL BOOK. . . . IixusntATioirs are of qbxat iupobtanob in a work 
of tliis kind, and it is satisfactory to find that spboxal attxktioit has been giTen in this 
rstpeot."— Jii^Mtri' OoMtu. 

In Orawn Svo, eartra, toUh Nvmeroui Illu8trmtian$. [SkorUif, 

GAS AND OIL ENGINES: 

An Introductory Text-Book on the Theory, Design, Gonstmctlon, 
and Testing of Internal Combustion En^^es without BoUer. 

FOR THE USE OF STUDENTS. 

By Prof. W. H. WATKINSON, Whit. Son., M.Inst.MiohJL, 

Glasgow and West of Scotland Technical College. 

lONDON : CHARLES flRIFFIN A GO., LIMITED, EXETER STREET. STRAND. 
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SsooiTD Edition, lUriMd. With nnxMroiu PUIm r«daoed itom 
Working Drawing! and 980 Illiurtrationa in th« T«zt. Sli. 

A MANUAL OF 

LOCOMOTIVE ENGINEERING! 

A Praetieal Text-Book for the Use of Engine Builden, 

Designeps and Draughtsmen* Rulway 

Engineers, and Students. 

BY 

WILLIAM FRANK PETTIGREW, MJnst.O.K. 

With a Seotion on American and Oontinental Bnginee. 

By albert F. RAVENSHBAR, B.Sc., 

Of Hia MnjMlr'B P»t«nt Oflea. 

OMilMto. — Hlstorioa] IntrodttttloB. 176S-lN8.~Mo4«m LooomotlTeB : Stmpto.— 
ModMii Loeomoti-TM: Oompoand. ~ Prtmary ConsidcrftlloM Ib LocomotiTa DMiigii.— 
^UbOmb, BtMm OhMta, M&d StvJBnff Bok«i.— Plitona, Piston Bod«, OroMhMdii uA. 
ffide Bars.— <}oiui60tlBg and Oonpllmr Bodi.— Wlieek and AsIm, Axle Bozm, HotrnMoalM^ 
Mid BMrtnir 8DriD«i^-BaUn«lntf.--TalT6 OMr.-4BUd6 TaiTM and ValTa Oear Detalla.— 
mming, Bogloa and Azl* Trntka, Badial Axl« Bozm.— Sullen.— Smokabox, Blatt Flp«, 
flretMn FitttBga.— Boiler Mouitlnn.— Tendon. -Bailway Brakea.— LabrloaMoB.~OoD- 
■ampMon of Fvel, BTaooratfon ani Baglae AfteleBoy.— Amerioaa LooomettTea.— Oon- 
linontal Loeomotfyea.— Bepalra, Banning, Inapeotton, and Benewala.— Three Appendioee. 
.Index. 

'* likelT to remain for many yeara the BTAn>AU> 'Woax for theae wiahing to learn 
OeaifiL**— mrffMr. 

'^ A moatlntereating and yalaable addition to the bibliography of the LoeonaotlTe."— 

" we recommend the book aa maBODOKbT mionoAL in ita ohataeter, and lonumrc A 
n-AOMjaK AMJ ooLLBcnov of . . . worka on LoeomotlTe ■BglneMlng."'^Aai/fnif jfava. 

" Ae work oovTAiva ail tbat oav bb lxabbt froBi a book npoai anab a aabjeot. IB 
will at OBoe tank aa tkb ariBnABD wobk utom tbib dcpobvamt auBJBor.*'— Jl«<l«iair l/of «a«na. 



In Large Svo, HatuUome Oloih, WUh Pla(u and IlluitraHwu. 16; 

x^iOKT RiLiiLiiariLira 

AT HOME AND ABROAD. 
By WILLIAM HENRY OOLE, M.Inst.O.B., 

Late Depnly-Manager, Xorth-Weatem Bellwaf , India. 
Coniente.— Diflcnasion of the Tenn ''Light RaUwa7ik"— Bngliflk Radlwrn, 
Ratei, and Farmers.— Light Railways in Belgium, Franoe, Italr, other 
European Countries, Amerioa and the Colonies, India, Ireland.— Boaa Trana- 
iK>rt as an altematiTe.— The light Railways Act, 1896.— Hie Quettioii ol 
&auge. — Construction and Working. — LocomotiYes and RoUing-Stook. — ^ligkt 
Railways in England, Bootland, and Wales.— Appendices and index. 

" Mr. W. H. Ode haa broogfat together ... a ujmb amouht of TixuABLB anvMoUr 
noN . . . hitherto practloally inaceesalble to the ordinary read')r."~nm«f. 

" Will remain, for aome time yet a Stabdabd Wobx in OTorytbing relating to ligM 
BaUwaya. "—Mmginmr. 

** the author haa extended praetieal ex 
It ia BXOBBDnieLT well done. "— l ft iy»i— rMy. 

"The whole snbieot ia BxaAnaTirxLT and PRAonoALLT considered. The work oa« be 
eordlally reeommanaed aa nmsrsKaABLB to those whoae dnty it ia to beoome aeqoeinted 
with one of the prime neoeaaitlea of tha immediate future. "—AeOiaciy OiMml OmtH*. 

** TnBBB COULD BB vo BBTTBB BOOK of flrat reforonoo on ita aubjeet All o l ae aea off 
Bngtneera will weloome ita appearanoe."— 5eotf«m<m. 

LONDON : CHARLES GRIFFIN & CO., LIMITED. EXETER STREET, STRANd ~ 
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Third Edition, Eeyised and Enlarged. With Numeratit 
IlluiiraHafu, Price 89, 6d. 

VALVES AND VALVE-GEARING: 

ISGLVDINQ THE CORLISS VALVE AND 
TRIP GEARS 

BT 

CHARLES HURST, Practical Draughtoman. 

" OoMin azplanatioiu illiutnttad bj lU tiet olbab biackamb and drawincs and 4 foldtaf 
»lafcM . . . tM«bookftiUUaaTALi7ABLiltincltoii."— ^(AMMnmi. 

' Mb. Hvesv'b TALTia and TALT»«iAmiv« will proT« a Tary ralmabla aid, and tend ta tha 
tfUonoflBginaaofsciureifio 9Mi«Mand BOOMOMicALWOKKiHtt. . . . Will ba largelj 
t alWr bj Sradanli and Daaiffnan.''— IfariiN . J iigfc m r. 

* UnvDi. and thoxou«klt riAOTiOAL. Will nndonbtadly ba found of vrbat talub to 
all oonotmad with the dealfn of ValTa-fearlnf /*— i/MA4Hi<M/ W«rl4. 

" AlBiMt XTBBT TTPB of TALTB and Itt faaiing la olaarly sat forth, and lllaatrated hi 
raoh a way aa to ba bbadilt uitdbbotood and pbaotioallt AmisD by althar the Englaaar, 
DnwghtnnaB, or Itadant . . . Should prora both ubbful and taluablb to all Englnaan 
■aakjac for bbuablb and ouab information on tha anbjaet. Iti modarata prioa brinfa It 
wittda tha raach of tM^'^Indmiiriu and Iron. 

** Mr. Hubit's work li adioxablt tnltad to tba naadi of tha praotieal meohanlo. . . . 
It la fraa from any alaborata thaoratloal dlacnatlons. and the azplanationa of tha Tarlow 
IflnMM of valTa-gear ara aoaompaniad by diagrama which render tham bault mrDBsavooB *' 



on Steam Enfflno Doslffn and Construotlon. By Charles 
HuBST, ''Author of Valves and Valve Gearing." In Paper Boards, 
8to., Cloth Baok. Illustrated. Prioe Is. 6d. n«t. 

OoNTBHTO.— I. Steam Pipes.— II. Valves.— III. Cylinders.— IV. Air Pamps and Con- 
densers.— V. Motion Work.— VI. Crank Shafts and Pedestals. —VII. Valve Qear.— VIII. 
Lttbrioation.— IX. Miscellaneous Details — Imdxx. 

'* ▲ haady Toloma which every practical yoanf enfinear should possess. "—Ti^ M^dtl 
Bnffinter. 

JUST OUT. Strongly Bound in Super Royal 8vo. Cloth Boards. 
7b. 6d. net. 



For Calculatingr Wages on the Bonus or Premium Systems* 

For Engineering, Technicai and Allied Trades. 

By henry a. GOLDING, A.M.Inst.M.E., 

Technical Assistant to Messrs. Bryan Donkin and Clench, Ltd., and Assistant Lecturer 
in Mechanical Engineering at the Northampton Institute, London, E.C. 

*'The adoption of this ByBte:xi for the payment of workmen bas created a demand for 
soma handy table or series of tables, by means of which the wages may be eaally found 
without the neoessity of any calculations whatever. With the object of supplying this 
Beed, the author has complied the following tables, which have been in practical use 
for some time past at a large engineering works in London, and have been found of 
inestimable value. Not only are they of great value as a 'time saying appliance,' the 
computation of the bonus or premiums earned by a number of men taking only one-tenth 
the time by the aid of these tables compared with ordinary calculation, but they possess the 
additional adyantage of being less liable to error, as there is practically no possibility of a 
naistake occurring.'^— ^rr<rac<y>*om Preface. 

LONDON: CHARLES tRIFFIN « CO.. IIMITED. EXETER STREET. STRANa 
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Larg* 8yo, Handsome Cloth. With lUuatrfttioiM, Tablet, fto. 21t. 

Lubrication & Lubricants: 

A TREATISE ON THE 
THEORY AND PRACTICE OF LUBRICATION 

AlTD ON THS 

NATURE, PROPERTIES, AND TESTING OF LUBRICANTS. 
By LEONARD ARCHBUTT, F.I.O., F.O.S., 

Chemist to th« Midland Bailwaj Companj, 



R. MOUNTFORD DEELEY, M.I.M.E., F.G.S., 

Midland Railway LocomotiTC Works' Manager, Derby. 

tOKTMsn.—l, Friction of Solids.— 11. Liquid Friction or ViscositT, and Plastle 
friction.— in. Superficial Tension.— IV. The Ilieory of Lubrication.— v. Lubricants, 
their Sources, Preparation, and Properties.— VI. Physical Properties and Methoda of 
Examination of Lubrieants.— YII. Chemical Properties and Methods of Examination 
of Lubricants. ^VIIL The Systematic Testing of Lubricants by Physical and Chemloal 
Methods.— IX. The Mechanical Testing of Lubricants.— X. The Design and Lubrication 
of Bearings.— XI. The Lubrication of Machinery.— Ikdxx. 
' " Destined to become a OLlflBiO on the subject."— /ndtistriM and Inm. 

" Contains practically all THAT 18 krowh on the subject Deeenres the carefo) 
«ttention of all Bntfin—n."—EaUioay OJleiai 0u%d4, 



Fourth Bditiof. V^ry/My lUustraUd. Oloih, U. 9d. 

STEAM - BOILERS: 

tWBOt DSnOTB, MAMAaXlCIIKT, AKD 0ON8TBU0TIOJI 

Bt r d. munro, 

CliHf Bnffinur e/ tk$ Socttiih BciUr Intwranct and Bngnu Intptction C^mpmnj. 

Gbnbral Contbnts.- I. Explosions caused (x) hy Overheating of Plates — (•) By 
Defective and Overloaded Safety Valves— (3) By Corrosion, Internal or Eiitemal— (4) By 
Defective Desipiii and Construction (Unsupported Flue Tubes ; Unstrengthened Manholes ; 
Defective Staymg ; Strength of Rivetted Joints ; Factor of Safety>>II. Constkuctiom or 
Vbktical Boilbks: Shells- Crown Plates and Uptalce Tubee— Man-Holes, Mud-Holes, 
and Fire-Holet — Fireboxes — Mountinn— Management — Qeaning — Table of Bundac 
Presfures of Steel Boilers — Table of Ki vetted Joints — Specifications and Drawing of 
Lancashire Boiler for Working Pressures («) 80 lbs. ; (i) soo lbs. per square inch respectively. 

" A valuable companion for workmen and engineers engaged about Steam Boilefs, oaght 
40 be carefullv studied, and always at hand."— Ci>//. Guardian. 

" The book is vbry usbpul, especially to steam users, artisans, and 'young Engineeas."— 
Enimstr. 



Bt the samk Author. 

KITCHEN BOILER EXPLOSIONS: Why 

they Occur, and How to Prevent their Occurrence. A Practical Hand* 
book bated on Actual Experiment. With Diagram and Coloured Plate. 
Price 3s. 

LONDON : CHARLES 8RIFFIN A CO., LIMITED, EXETER STREET, STRAND. 



KNOINEERINQ AND MMOHANIOa, |> 

Just Out. In Crown Svo, Handsome Cloth, With Numerous 
Illustrations, ^s, net, 

EMERY GRINDING MACHINERY. 

A Text'Booh of Workshop Practice in Oeneral Tool Grinding, 

and the Design, Construction, and Application 

of the Machines Employed. 

BY 

R. B. HODGSON, A.M.Inst.Mech.E., 

Author of " Machines and Tools Employed in the Working of Sheet Metals." 

Introduction.— Tool Grinding.— Emery Wheels.— Mounting Emery Wheels- 
— Emery Rings and Cylinders. — Conditions to Ensure Efficient Working. — 
Leading Types of Machines. — Concave and Convex Grinding. — Cup and Cone^ 
Machines. — Multiple Grinding. — "Guest" Universal and Cutter Grinding 
Machines. — Ward Universal Cutter Grinder. — Press. — Tool Grinding. — Lathe 
Centre Grinder. — Polishing.— Index. 

" Deals practically with cVery phase of his subject." — Ironmonger. 



Fifth Edition. Folio, ttronfly haif-bottiid, ai/. 

TRAVERSE TABLES: 

Computed to Four Places of Decimals for every Minute 
of Anffle up to 100 of Distance. 

For the use of Surveyors and Enffinecfrs. 

BY 

RICHARD LLOYD GURDEN, 

Authorised Surveyor for the GoTemments of New South Wales and 
Victoria. 

*^* Puklished with the Concurrence of the Surveyors- General for New South 
IVeUcs and Victories. 

"ThM« who kaTtt MMhract in •xaet Sumvby-work will bMt ln«w how !• appraoiatft 
the «»onnottt Mnouat of htbour reprMcntMl by tUt yaliuible book. The ooBvutetiou 
tnablo tk« umt to Mcortein ihm moM and ootinot for a diatano* of twalre mitot to withta 
half an inck, and thia vr KBrsnsMcs to but On> Tablb, in placa of tHa uaual flf%M» 
minuta oomputetioBa raqukod. Thia aiona is andanaa of tha aisutanoa which tha Tables 
anaura to orary naar, and ai avary Sunrayor in aatira pnwtiaa baa fait tha want of suck 
asaistanca pbw knowino op tkkik puklication will rsmain without tkbm." 

LONDON : CHARLES 6RIFFIN ft CO., LIMITED, EXETER STREET, STRAND, 



34 CHARLES QRIFFIN 4$ OO.'S PUBLJCATIOlfS, 

WOBKS BY 
ANDREW J AMIESON, M.Inst.C.E., M.I.E.E^ F.R.S^ 

I Engingeriftgt Tkt 
T§ehnical C»ll*g*, 



Formtrly Pr^ftss^r 0f EUttrical Engingerrngt Tkt GUtgtm and W*st 0f Sctthuta 
}ehnica' " 



PROFESSOR JAMIESON'S ADVANCED TEXT-BOOKS. 

In Large Crown 8f^. FuUy IllushraUd* 

STEAM AND STEAM-ENGINES (A Text-Book on). 

For the Use of Students prepftring ior Competitive Examinatioiis. 
Witk 600 pp., over aoo lUustratioBS, 6 Folding Plates, and numerous 
£xamination Papers. Thirtebnth Edition, Revised. 8/6. 

"Profnaor Janucwm taicinatM tk« reader by Us clbamnbss or concbptiom and 
4IMPLICITV OP BXPKBBSION. His trMitiiiont rccftlls the l«otuxiiig of Faraday.'*— ^^Ammmmw. 

" Tbe Best Book y«t published for the use of Students. "—i7«/WMrr. 

MAGNETISM AND ELECTRICITY (An Advaneed Textr 

Book on). For Advanced and " Honours " Students. By Prof. Jamieson, 
assisted by David Robertson, B.Sc, Professor of Electrical Engineering im 
the Merchant Venturers' Technical College, Bristol. {^Shcrlly, 

APPLIED MECHANICS (An Advanced Text-Book on). 

Vol. I. — Comprising Part I. : The Principle of Work and its applica- 
tions; Part II.: Gearing. Price 7s. 6d. Third Edition. 
"Fully maintains the reputation of the Author/'— />r«f> Rntinttr. 

Vol. II.— Comprising PaxU III. to VI. : Motion and Energy; Graphic 
Statics; Strength of Materials; Hydraulics and Hydraulic Machinery. 
Second Edition. 8s. 6d. 

"W«LL AND LUCIDLY WJIITT«N."— T^A* EngtHttT. 

\* Efitk oftfu ah0vi vlumn is c»mpUU in itulf^ and sold st^arattly. 



PROFESSOR JAMIESON'S INTBODUGTORT MANUALS. 

Crown %vo» With lUustrcUions and Examination Papers, 

^TEAM AND THE STEAM-ENGINE (Elementary 

Manual of). For First- Year Students. Ninth Edition, Revised. 5/6. 

' Should be in the hands of bvbry engineering apprentice." — Practical Enj^inter 

MAGNETISM AND ELECTRICITY (Elementary Manual 

of). For First-Year Students. Fifth Edition. 3/6. 

• A CAPrrAL TEXT-BOOK . . . The diagrams are an important {e».Xxa^**—Sc k o0 lmmt Ur, 
A THOROUGHLY TRUSTWORTHY Text-l^ook PRACTICAL and dear."— iV«#«f». 

APPLIED MECHANICS (Elementary Manual of). 

Specially arranged for First- Year Students. Fifth Editiom,c 
Revised. 3/6. 

'The work has very high qualitibs, which may be condensed into the one woid 
* CLXAR. ' **— Science and A ri. 

In Preparation. 300 pages. Crown 8w. Profusely Illustrated, 

Modern Electric Tramway Traction: 

A Text-Book of Present-Day Practice. 

¥w the Uae 0/ EUetrieal Engineering Students and thoee interested in Bieelrie 

Trans- 1 ission of Pother. 

By Prop. ANDREW JAMIESON. 



POCKET-BOOK of ELECTRICAL RULES and TABLES. 

For the Use of Electricians and Engineers. Pocket Size. Leather, 
8s. 6d. Sixteenth Edition. [See p. 49. 

LONDON: CHARLES GRIFFIN & CO,, LIMITED. EXETER STREET, STRAND. 



MtrOIHMMUSO AtfD MWOHAlfJOB. 3$ 

WORKS BT 

i. J. MACQUORN RANKINE, LL.D., F.R.S., 

rmomojjmwLY sarmD bt 

w. J. MIL LAB, aa., 



A MANUAL OF APPLIED MECHANICS : 

Otrnpr ki ng th« PrinoiplM of Slatios and CHnematios, and -Theory of 
StrnotmrM, Moohanism, and Maahinei. With Nnmeroaa Diagram!, 
drown 8to, oUth. Sixtbbxth Bdrion. Ilk. 6d. 



A MANUAL OF CIVIL ENGINEERING: 

Oonprising Jfingineoring SHrvojt, Earthwork, Foundation!, Maionry, Car- 
pentry, Metal Work, Road!, Railways, Oanal!, River!, Waterworks, 
Harbour!, Jfco. With Nmnmron! Table! and Bluetrations. Crown 8to. 
eloth. TwiMTY-FiRiT SDmoir. lOe. 



A MANUAL OF MACHINERY AND MILLWORK : 

Oomprising the Qeometry, Motion!, Work, Strength, Constmotion, and 
Objeot! of Maehinei, &e. Illnitrated with nearly 300 Woodcnts, 
Otown 8to, elotli. SMmiTH JfiDinov. lis. 6d. 



A MANUAL OF THE STEAM-ENGINE AND OTHEB 
PRIME MOVERS: 

With a Section on Gab, Oil, and Aib £koijibs, by Bbtan Dokkin, 
M.lQ!t.C.B. With Folding Plates and Numeron! Illustrations. 
Crown 8to, oloth. FiFiEHirrH Editiqn. Ifis. 6d. 

IQNDON ' GHARIE8 GRIFFIN & CO., LIMITED, EXETER STREET, STRAND 



36 CHARLES GRIFFIN A C0:8 PUBLICATIONS, 

flOV. RaNKINB'S WORKS—(C#Mii»MMA^). 

USEFUL RULES AND TABLES: 

for Arohiteoti, Bttild«ra» EnginMn, Fonnd^rs, M«oh*iiioi, Shipbttildmrk^ 
Surreyon, A;o. With Appbndix for the uie of Elsotrkul Biraiirxuui.. 
By Professor Jamibson, F.R.S.E. Skyinth Edition. lOi. 6d. 



A MECHANICAL TEXT-BOOK: 

A Frftotical and Simple Introduction to the Study of MeohAoiee. B^ 
Profemor Rankine and E. F. Bambbb, C.B. With Numeroufl IUii» 
tratione. Crown 8yo, cloth. Fifth Editiok. Oi. 

%* fh% " Mbohamioal Text- Book " vku dmgn»d 6y ProfMBor SAWXxn m» flu 
••votMW <• Via nkvH Striti of MmnuaU. 



HISCELLANEOUS SCIENTIFIC PAPERS. 

Royal 8to. Cloth, 3U. 6d« 

Part I. Papen relating to Temperature, Elasticity, and Expansion at" 
Vapours, Liquids, and Solids. Part II. Papers on Energy and its Trans- 
formations. Part m. Papers on Wave-Forms, Propulsion of Vessels, kc. 

With Memoir by Professor Tait, M.A. Edited by W. J. MnxAB, O.X. 
With fine Portrait on Steel, Plates, and Diagrams. 

" N« nu>r« WMluhng Mwnoruil of Professor Rankine could b« deTiMd than th« puhlioa 
«oB of thoM papon in «n ascessiHle fonn. . . . The Collection is moat TahiaMo «■< 
«ocoant of tlie nature of his discoreries, and the beauty and completeness of his mtaifwm, 
. . . The Volume exeeeds in importance any woffk u the same department pwhlishi^ 
ii onr tinn^.*''^AfxJkdttei. 



SHELTON-BEY (W. Vincent. Foreman to the 

Imperial Ottoman Gun Factories, Constantinople) : 

THE MECHANIC'S GUIDE : A Hand-Book tor Engineers smI- 
Artisans. With Copious Tables and Valuable Recipes for Practica] Um 
nhutrated Sic^tu/ Ediii&n. Crown 8to Cloth, 7/6 

LONDON : CHARLES GRIFFIN A GO., LIMITED, EXETER STREET, ITRANb 



9NGINMMRINQ AND MMOHAKIM. 37 

SEQOJfD EDITI03H, Revised and Enlarged. 
In Large 8vo, Handsome cloth, 34^. 

HYDRAULIC POWER 

AND 

HYDRAULIC MACHINERY. 

BT 

HENRY ROBINSON, M. Inst. CE, F.G.S, 

mXOW OF king's COLLBGB, LONDON ; PKOV. OP CXTIL BNWNBBRING, 

king's collngb, rrc ktc. 

tnttb ntttnetouj vnooOcute, and SiiPn^inc putei. 

'* A B«ok of gnat ProfMsinnsI UiafuliiMS."~/»«i» 



fn Largt Svo, Handsome Cloth. With Fronti§pi4C€, uvircU PlaU§, 
and over 250 lUusircUions, 21 #. 

THE PRIHCIPLES iND GONSTRDCTIOH OF 

PUMPING MACHINERY 

(STEAM AND WATER PRESSURE). 

With Praotioal Illostrfttioni of EnaiNXS and Puups applied to Mikiko, 

Town Watkb Supflt, Dkainaos of Lands, kc, alio Economy 

and Effioi«noy Trials of Pumping Machinsry. 

By henry DAVEY, 

Member of the Institution of CItII Engineers, Member of the Institntlon of 
Mechanical Engineers, F.G.S., Ac. 

OoNTENTS — Early History of Pumping En^es — Steam Pumping Engines- 
Pumps and Pump Valves— General rrinoiples of Non-RotatiTe Pumping 
Engines— The Cornish Engine, Simple and Compound — Tjrpes of Mining 
Snginea — Pit Work — Shaft Sinki^ — Hydraulic Transmission of Power in 
Mines — Valve Gears of Pumping Eaudnes — Water Pressure PumpingEngines 
—Water Works Enpfines — Pumping Engine Economy and Trials of Pumping 
liaohinery — Centrifugal and other Low-Lift Pumps — Hydraulic Rams, 
Pumping Mains, &C.-—1NDSX. 

'* By the *one English Engineer who probably knows more about Pumping Maohinery 
than ANT OTHU.' ... A tolums BBOOEDiira ma bbsults or Loira bxpbribwob aits 
•TOOT."— T?i« Xngiuter. 

" iTndonbtedly thb bsst Aim most pbaotical tbsatisb on Pumping Machinery tkat uam 

TVr SBBK PUBLISHBD."— l/Mn^/OtfffMrf. 

lONDON : CHARLES SRIFFIN ft CO., LIMITED, EXETER STREET, STRAND 
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iS OHAMLMS 0M1FF1N S OOJM PUMLIOATIOHa. 

RlftU $»9, HuMlamHB Cloth. With num^roui Nluttrgtlona citif Tmbl48. 2&t, ■ 

THE STABILITY OF SHIPS. 

IT 

SIR EDWARD J. REED, K.CB., F.R.S., M.P., 

cnight ov thb imrsriax. obdsrs of st. stanilaus of eussia ; fbamcis josbtm •* 

avitkia; midjidis of tukkkY; and ruing sun of japan; vicb- 

psmidsnt of thb institution of naval archftbctt. 

In ordtr Xm raader tht work cnasUtt for tk* MU> y t M of th* Skipbuild«r, ^mhtlSkm aft 
ten* or abroad, tha Matkoda of Cafauladaa intiojluoad by Mr. F. K. Barnbs. Mr. Osav. 
If. Rbbch, M. Daymaro, and Mr. Bbnjamin, are all giren saparatohr, iuustratad Ijf 
Tablas aad woikad-out examplas. Tka book iMmHiiaa a&ore tkaa aoo DkgnuBa, aad m 
Buatratad bf a bum Ruaiber of aataal oaaaa, darivad fifoai akifa of aM daaar i p t ioafc 

^ Sir Edward xbbd's * Stabilivy of Ships ' is inyai.uablb. Tha Natal ABCMrraer 
will ind brottgkt tof etnar aad raady to his hand, a mass of infmnnatioii wbick ke would ^Am- 
wiaa kare to sadi in an almost anolais variaty of publications, and soma of which he w nyM 
poaaibly not ba able to obtain at all elsewhere."— «teMw«A</i. 



THB DBBION AND OONSTBUOTION OT SHIPS. By John 
Harvard Bilks, M.Inst.N.A., Proftssor of NayaI Archittcture b tke 
Univeriity of Glasgow. [In Pr$fairmiion. 



SscoND Edition. lUaitrated with Platts, Numtrous Diagrami, and 
Figures in the Text. i8s. net 

STEEL SHIPSs 

THEIR CONSTRUCTION AND MAINTENANCE. 

A Manuai for Shipbuilders, Ship Superintendent*, Students, 
and Marine Engineers. 

By THOMAS WALTON, Naval Architect, 

AUTHOR or ** KNOW YOUR OWN SHIP.*' 

OoNTiNTB.— I. Manufacture of Oast Iron. Wrought Iron, and SteoL— X!)on- 
position of Iron and Steel, Quality, Strengtn, Tests, kc. 11. Clasaification of 
ottel Ships. III. Oonsideranons in makixw choice of Type of YesseL — ^Framinc 
•f Skips. IV. Strains experienced by Ships.— Methods of Computing and 
Ooinparing Strengths of Ships. V. Construction of Ships. — Altematiye Mo"* 



ef Cfonstruetion.— Types of Vessels.— Turret, Self Trimming, and Tmnk 
Steamers^&c.— XUtets and Bivetting, Workmanship. VI. Pumping Airange- 
ments. Vll. Maintenance. — Prevention of Deterioration in the Hulk of 



Ships. — Cement, Paint, &c. — Indix. 

^' So thorouffh and well written is OTery chapter in the book that it is difficult to selaet 
BUT of them aa being worthy of exceptional praise. Altogether, the work is excellent, usd 
will proTe of sreat value to those for whom it is intended."— 7*^ Enginur. 

*^ Mr. Walton has written for the profession of which he is an ornament. His i 



will be read and appreciated, no doubt, by eyery M.I.N.A., %nd with great benefit by tke 
majority of item. —Journal of Commeree. 



Second Edition, Cloth, 8s. 6d. Leather, for the Pocket, 8s. 6d. 
OBIFFIN'S EliEOTBIOAL PBIOE-BOOK : For Electrical, Civil, 

Marine, and Borough Engineers, Local Authorities, Architects^ Railway 

Contractors, &c., &c. Edited by H. J. Dowsing. 

" The Elbctrical Pricb-Book rbmoybs all mystbry about the ooat of Electrieai 
Power. By iu aid the bxpbnsb that will be entailed by utilising electricity on a large m 
aaaall ssale can be 6\sixrftxtd.**—ArekHtci. 

lOMDOH: CHARLES GRIFFIN i CO.. LIMITED, EXETER STREET, STRAND. 



NAUTICAL WORKS. 39 

GRIFFIN'S NAUTICAL SERIES. 

Editbd by EDW. BLAGKMORE, 

Muter Mariner, First Glass Trinity House Certificate, Assoc. Inst. K.A. ; 
And Writtxn, kaiklt, by Bailobs for Sailobs. 



"This admibablx &ssiTEB"—Fa%rplay. '*A ybrt useful series."— ^ottuns. 

"The Yolnmes of Messrs. Griffin's Nautioal Series may well and profitably be 
«ead by all interested in our national maritime progress."— Jfarin^ Engineer. 

"Evert Ship should have the whole Series as a Referenob Librart. Hahb- 
fOlllLT BOUND, CLEARLT PRINTED and ILLUSTRATED."— £iv0rpoo2 Joum. cf Commeroe. 

The British Mercantile Marine : An Historical Sketch of its Rise 
and Development. By the Editor, Gapt. Blaokmore. 3s. 6d. 
" Captain Blackmore's SPLENDID BOOK . . . eontains paragraphs on every point 
4if interest to the Merchant Marine. The 243 pages of this book are THE most VALU- 
ABLE to the sea captain that have ever been oompiled."— Merchant Service Review. 

Elementary Seamanship. By D. Wilson -Barker, Master Mariner, 
r.B.S.B., F.R.G.S. With numerous Plates, two in Colours, and Frontispiece 
Third Edition, Thoroughly Revised, Enlarged, and Be-set. With additional 
Illustrations. 6s. 
"This ADMIRABLE MANUAL, by Capt. WILSON BARKER, of the 'Worcester, seems 

to OS PBRFBOTLT DESIGNED. "-^t^eTMBUm. 



Know Your Own Ship : a Simple Explanation of the Stabihty, Con- 
struction, Tonnage, and Freeboard of Ships. By Thos. Walton, Naval Arcfaiteoi 
With numerous Illustrations and additional Chapters on Buoyancy, Trim, and 
Calculations. Sixth Edition, Revised. 7s. 6d. 
"Mr. Walton's book will be found vert useful."— TA* Engineer. 

Navigation : Theoretical and Practical. By D. Wilson-Babkbb, 

Master Mariner, <&c., and William Allinoham. Second Edition, Itevised. Ss. (id. 
"Prboiielt the kind of work required for the New Certificates of competeocf. 
Candidates will find it invaluable."- i>ufMi«« Advertiser. 



Marine Meteorology: For Officers of the Merchant Navy. By 
William Allinoham, Arst Class Honours, Navigation, Science and Art Department 
With Illustrations, Maps, and Diagrams, and facsimUe reproduction of log page. 
7s. 6d. 
" Quite the best publioation on this subject."— iS%ii>ptn^ Gazette, 

Latitude and Longitude : How to find them. By W. J. Millab, 

C.E., late Sec to the Inst, of Engineers and Shipbuilders in Scotland. Seoofs 

Edition, Revisei. 2s. 

" Cannot but prove an acquisition to those studying Navigation."— JfortfM Engineer. 

Practical Mechanics : Applied to the requirements of the Sailor. 
By THOfl. MACKBNZIB, Master Mariner, F.B.A.S. Sboond Edition, Bevised. 8b. 6d. 
" Wbll wobth the money . . . BXOBBDiNaLT iLELFraL."—Ship]nng World. 

Trigonometry : For the Young Sailor, kc. By Rich. C. Buck, of the 
niames Nautical Training College, H.M.S. " Worcester." Sboond Edition, Sevised. 
Price 8s. «d. 
" ThlB EMINENTLY PBAGTIOAL and reliable volvane."—Schaolnuuter. 

Practical Algrebra. By Rioh. C. Buck. Companion Volume to the 
above, for Sailors and others. Price 3s. 6d. 
" It is JUST THE BOOK for the young sailor mindful of progress. —Nautioal Mag€urine. 

The Legal Duties of Shipmasters. By Benedict Wm. Ginsbueo, 

M.A., LL.D., of the Inner Temple and Northern Circuit; Barrister-at-Law. Ssoon 

Edition, Thoroughly Revised and Extended. Price 4s. 6d. 

" Invaluable to masters. . . We can fully recommend it. "—iS^ijPPtn^GaMtts. 

4 Medical and Surgical Help for Shipmasters. Including Fint 

Aid at Sea. By Wm. Johnson Smith, F.K.C.S., Principal Medical Officer, ^amen's 
Hospital, Qreenwleh. Second Edition. Bevised. 6s. 
•• S ound, judicious, keally helpful.^— TA^ Lancet. 

iONDON: IHARLES GRIFFIN A CO., LIMITED. EXETEfi STREET. STRANOi 



40 CHARLES GRIFFIN A CO.'S PUBLI0ATI0N8. 

GRIFFIN'S NAUTICAL gERIES , 

Introductory Volume, Price S$. 6d, 

British Mercantile Marine. 

By EDWARD BLACKMORE, 

MASTBA MAIIINBK; ASSOCIATB OP THB IMSTrnmON OF NAVAL AJLCHITBCTtl 

If BMBBE OP THB INSnTUTION OP BNCUfBBRS AMD 8MIPBUILOBRC 

IN SCOTLAND ; BDITOR OP GRIPPIN'S "NAUTICAL SBRIBS." 

Gkveral Contkhts.— Historical : From Early TimM to li86-PrLfireM 
and«r Henry VIII.— To Death of Mary— Dnrinfl: Elisabeth's Beign— Up to 
the Reign of William III.— The 18th and 19th Centuriee— Institation ot 
Examinationi — Biie and Progress of Steam Propulsion — Development d 
Free Trade-Shipping Legislation, 1862 to 1876— " Locksley Hall^ Case- 
Shipmasters* Societies— Loadinff of Ships— Shipping Legislation, 1884 to 1894— 
Btaiistios of Shipping. Thb Psbbokhbl : Shipowners— Officers— Mariners— 
Duties and Present Position. Edvoation: A Seaman's Education: what it 
should be— Present Means of Education— Hints. Disoiflinx and Dutt— 
Postsfltipt— The Serious Decrease in tiie Number of British Seamen, a Matter 
dsmandmg the Attention of the Nation. 

"' InTSBSSTDia and IvnmnonTB . . . may be read with pBonr and aHJOTHBHT."- 
9Uuf9m B9rald. 

'^SvBHT BBAKOH of the Bubjeot is dealt with in a way which shows that the writer 
^ knows the ropes* familiarly."— Aeo^Mium. 

*^This ADMiBABLB book . . . TBBMS With oseful information— Bhoold be in tk« 
Hands of every Sailor."— VTMlcrn Morning Ntvn. 



Third Edition, Thoroughly Revised, Erdarged, and Re-set 
With Additional Illustrations, Price 6s, 

ELEMENTARY SEAMANSHIP. 

BT 

D. WILSON-BARKER, Mastsb Marinsr; F.R.S.E., F.R.G.S., fta, Jka; 

TOUiraiR BROTHER OF THl TRINITT HOVfll. 

With f'rontlspieoe, Numerous Plates (Two in Colours), and niustrationa 

in the Text. 

GiNKRAL GONTBNTB.— The Building of a Ship; Parts of Hull, Masts» 
dfcc— Ropes, Knots. Splicing, kc, — Grear, Lead and Log, ftc — Rutging, 
Anchors — sailmaking— The Sails, &c. —Handling of Boats under Sail — 
Signals and Signalling— Rule of the Road— Keeping and Relieving Watch- 
Points of Etiquette— Glossary of Sea Terms and Phrases — Index. 

*«* The volume contains the nbw bulbs op thb boad. 
** This ABICBABLB MAVUAL, by Oapt. Wilsoh-Babxbb of the ' Worcester,' seems to as 
raB«BOK.T DBsievBD. and holds its plaee exeellentlv in * Gbdviv's Nautical Sbbibs.' . . . 
▲Ithoagh intended for those who are to become OfBceri of the Merchant Navy, it will be 
foonfl naefnl by all tachtsmbv."— il(A«umfm. 

%* For complete List of Obiwih's Nautical Sbbibs, see p. 39. 

lOKOON : CHARLES QRIFFIN « CO., LIMITED. EXETER STREET, STRAND. 



NAUTICAL WORKM. 



GRIFFIN'S NAUTICAL SERIES, 

Secokd Edition, Revised and lUustraied. Price Ss, 6d, 

Bt DAVID WILSON-BARKER, RN.R., F.R.S.E., &o., <ko., 

A.HD 

WILLIAM ALLINGHAM, 

ITUT-CLASS H01T0UB8, NAYiaATION, 80I11T0I AKD ABT DSPABTHSITX. 

TUlftb numetoud ^lluattationa anD jC]:amination aiueationB. 

GxifSRAL CoNTBirrs.— Definitions — Latitude and Longitude — Instrmnentfe 
of Navigation— Correotion of OoorMi—Plane Sailing: — Travene Sailing— Day's 
Work — Parallel Sailing — Middle Latitude Sailing — Mercator's Chart 
Meroator Sailing — Current Sailing— ^Position by Bearings- Gkeat Circle Sailing 
—The Tides— Questions — Appendix : Compass Error— Numerous Useful Hints 
fto.— 'Index* 

*' Pbsoisblt the kind of work required for the New Gertiflcates of competency In gracea 
from Second Mate to extra Master. . . . Candidates will find it nffTALUABUt."—]>«futo 

" A CAPITAL UTTLB BOOK . . . Specially adapted to the New Examinations. The 
iLvthors are Oapt. Wosok-Baxxxs (Oaptain-Superintendent of the Nautical Oollege, ELM. 8. 
' Woreeater/ who has had great experience in the highest problems of Nayigation), and 
Mb. AmxaKAM, a well-known writer on the Science of Nayigation and Nautical Astronomy * 
"SMpj^ing World. 



Handsome Cloth, Fully Illustrated. Price 78, 6d. 

MARINE METEOROLOGY, 

FOR OFFICERS OF THE MERCHANT NAVY. 
By WILLIAM ALLINGHAM, 

Joint Author of "Nayigatlon, Theoretical and Practical." 

With numerous Plates, Maps, Diagrams, and lUuBtrations, and a faosimile 
Reproduction of a Page from an actual Meteorological Log-Book. 

SUMMARY OP CONTENTS. 

INTIIODUOTORT.— Instruments Used at Sea for Meteorological Purposes.— Meteoro- 
logical I^-Books.— Atmospheric Pressure.— Air Temperatures.— Sea Temperatures.— 
winds.— Wind Force Scales.— History of the Iaw of Storms.— Hurricanes, Seasons, and 
Storm Tracks.- Solution of the Cyclone Problem.— Ocean Currents.— Icebergs.— Syn- 
ehronous Charts.- Dew, Mists, Fogs, and Haze.— Clouds.— Rain, Snow, and Hail.— 
Mirage, Kainbows, Coronas, Halos, and Meteors.- Lightning, Corposants, and Auroras.— 

QUMTIOlire.- APPEimiX.- INDIX. 

" Quite the bxst publication* ahd certainly the kobt intebsstifo, on this subject erer 
piesenied to Nantioal men."— ShippUni GamUe, 

*«* For Complete List of Gbiffik's Nautical Ssbibs, see p. 39. 
LONDON: CHARLES GRIFFIN ft CO.. LIMITED. EXETER STREET, STRAND. 



4» OBARLMa OBirFItr S OO.'B PUBLIOATIOlfB. 

GBIFFiyS yAXTTICAL SERIES. 

Shoond Edition, Revised. With Numerous lUustrations. Price 3s. 6d. 

Practical Mechanics: 

Applied to the Eequirements of the Sailor. 
By THOS. MACKENZIE, 

Mmfr Jimin^r, F.HA.S. 
GsNiRAL CoNTENT8.~Resolution and Composition of Forces— Work done 
by Machines and Living Agents— The Mechanical Powers: The Lever; 
Derricks as Bent Levers— The Wheel and Axle : Whidlass ; Ship's Capstan ; 
Crab Winch— Tackles : the "Old Man"— The Inclined Plane; the Screw— 
The Centre of Gravitv of a Ship and Cargo — Relative Strenffth of Rope : 
3teel Wire, Manilla, Hemp, Coir— Derricks and Shears- Calculation of ttie 
Cross-breaking Strain of Fir Spar— Centre of Effort of Sails— Hydrostatics : 
the Diving-beU ; Stability of Floating Bodies ; the Ship's Pump, &c. 

" This bxosllint book . . . contains a lasjom uiount of information. " 
—Nature. 

" Well worth the money . . . will be found BXOEBDiKaLT helpfdl."— 
thippkng World. 

*'No Ships' Oftiobbs' bookoasb will henceforth be oomplete withoni 
Oaptaiit Mackenzie's * Pbaotioal Mbohabios.' Notwithstanoing my many 
vears' experience at sea, it has told me Jiow much more there it to aeqwre."— 
(Letter to the Publishers from a Master Mariner). 

" I must express my thanks to you for the labour and care you have taken 
in 'Pbaotioal MsoHAiriCNi.' . . . It is ▲ life's expbribnob. . . . 
What an amount we frequently see wasted by rigging purchases without reason 
and accidents to spars, &c., ko, ! 'Practical Mbchaniob' would save all 
THIS." — (Letter to the Author from another Master Mariner). 



WORKS BY RICHARD C. BUCK, 

Of the Thames Naatloal Training OoUege, H.M.S. ' Worcester.' 

A Manual of Trigonometry: 

With Diagrams, Examples, and Exeroises. Price 9s, 6d. 

Second Edition, Revised and Corrected. 
*«* Mr. Buck's Text-Book has been specially pbbpabed with a view 
feo the New Examinations of the Board of Trade, in which Trigonometry 
is an obligatory subject. 

"This Biain«TLT nuoncAL and bbuablb fOhuvM.''— Schoolmaster. 

A Manual of Algpebra. 

Oeaigned to meet the Requiremente of Sailors and othere. Prioe Be. 6d 

\* These elementary works on al«bbka and tbioovokbtbt are written speeiaUy lot 
those who will hare little opportunity of oonsalting a Teacher. They are books for *'BB-.r 
HBLP." All but the simplest explanations have, therefore, been avoided, and amswmm •« 
ttie Exercises are given. Any person may readily, by caref al study, become master of theii 
oontents, and thus lay the foundation for a further mathematioal course, if desired. It Is 
hoped that to the younger Officers of our Mercantile Marine they will be found deeldedly 
•eryioeablo. The Examples and Exeroises are taken from the Examination Papers set for 
the Oadets of the *' Worcester.*' 

** Clearly arranged, and well got up. ... A first-rate Elementary Alfebia. — 
NamHoai MagoMine. 

***For oomplete List of Gbhto's Nautxoal Sbribs, see p. S9. 

1<MinON; QHARLE8 GRIFFIN « CO., LIMITED, EXETER STREET, STRANB 



KAUTIOAL WORKS. 43 

GBirriys nautical series. 

Second Edition, Thoroughly Revised and Extended. In Crown 8vo. 
Handaomt Cloth. Price 48. 6d. 

THE LEGAL DUTIES OF SHIPMASTERS. 

«Y 

BENEDICT WM. GINSBURG, M.A., LL.D. (Oaktab.), 

Of the Innw TtmpU and lforth«m Cironit; Barrliter-at-Law. 

Oenepal Contents.— The QualifloatioB lor the Poeition of Shipmaeter— The Con- 
uact with the Shipowner— The Heater's I>ttt7 in reapeet of the Crew : Bagacemeal : 
Ipprentieea; Diaoipline; FroTlgtona, Aooommodation, and Medical Comforta ; Payment 
of wages and Diacharge— The Maatera Dutr in respect of the Paaaengera— The Maater'a 
Ftnanoial Beaponaibilltiea— The Maater'a Duty in reajwet of the Cargo— The Maater'a 
Duty in Caae of Casualty- The Heater's Duty to certain Public Authoritiea— Tlie 
ICaater's Duty In relation to Pilots, Signala, Flaa, and liaht Duea— The Maater'a Dutf 
upon ArrlTiJ at the Port of Diachaige— AppendOioeB relatiye to certain Legal Matteaa : 
Board of Trade Certifloates, Dietary Bcalea, Stowage of Grain Cargoea, Load Line &igula- 
Mona, Llfe-aaying Applianoea, Carriage of Cattle at Sea, 4e., Ac— Copioua Index. 

" Ne lateUlgent Master ahould Call to add this to bis liat of necessary books. A few lines 
ef it may satx a uLWYics'a ns, Bsainsa SKOLiaa wQmxt."—Liittrpool J»umal •f CV>mm«r«t. 

" Sbmseblb, plainly written, in olbae and MOK-TBOBMicii. lan guaos, and wfll be fouBd ef 
mrcni ssavieB by the Shipmaster.""— JiritMA Trad* Bwino. 



Second Edition, Revised. With Diagrams. Price 2s. 

Latitude and Longitude: 

HoTHT to ^±nA tli.«m. 

By W. J. MILLAR, C.E., 

Lat€ Secrttary to th* Inst, of En§ineers and ShipbuiltUn in Beofland. 

'* OoNCisiLT and clbarlt wsittbn . . . oannot but prove an aoquintUMi 
to thoae atudying Navigation."— Jl/«rtn« Engineer, 

" Tonng Seamen will find it handt and usetul, simple and olbar.'*— rA« 
Snfffneer. 

FIRST AID AT SEA. 

Second Edition, Revised. With Coloured Plates and Numerous Dlustra- 

tions, and comprising the latest Regulations Respecting the Carriage 

of Medical Stores on Board Ship. Price 6s. 

A MEDICAL AND SURGICAL HELP 

FOR SHIPMASTERS AND OFFICERS 

IN THE MERCHANT NAVY. 

BY 

WM. JOHNSON SMITH, F.RO.S., 

Principal Medical Officer, Seamen's Hospital, Greenwich. 

%* Tbe attention of all interested in our Merchant NaTj is requested to this exceedingly 
asefol and valuable work. It is needless to say that it is the outcome of many years 
rBAonoAL BznsiBNCB amongst Seamen. 

'* SonjTD, jcDioioirs, kxallt miLnrtJL "—Tht Lane^. 

*,* For Complete List of Griffin's Nautioal Series, see p. 30. 
LONDON: CHARLES GRIFFIN ft CO.. LIMITED, EXETER STREET. STRAND, 
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GBirriirs watttical series. 

Sixth Edition. ReviBtd^ with Chapters on Trim^ Bwtyanoy^ 

imd CalcukUions, Numerovs IUu8trtUion$. Hand»ome 

Cloth, Crown 8vo. Price 78. 6d. 

KNOW TOUB OWN SHIP. 

Bt THOMAS WALTON, Naval Architbct. 

IPflOLALLT AKRANOSD TO SUIT THE BBQUIRBMENTS OW BHIPS' OVllOKBl, 

8HIP0WKERS, SUPBBIKTBKDBKTS, DRAUOHTSMBN, BKOINEEB8, 

AKD OTHBBS. 

This work explains, in a simple manner, such important 
subjects as : — 



Digpl&oement, 

Deadweight, 

Tomiage, 

Freeboard, 

Moment!, 

Bnoyancy, 

Strain, 

Stmctore, 



Stability, 
Boiling, 
Ballasting, 
Loading, 
Shifting Gargoei, 
Admission of Water, 
Sail Area, 
ftc., ftc. 



'* Th« Httle book will h% found bxobbdikglt hamdt by moit offioen aad 
afficialfl ooiineoted with ihipping. . . . Mr. Walton's work will obtaia 
LASTiira snooESs, becaus* of its unique fitnsss for those for whom it has besa 
writtsn.**— /8%ifiptn^ Worlck 

" An BXOBLLENT WOBK^ full of Bolld instruction and ibyaluablb to every 
offioer of Uie Mercantile Marine who has his profession at heart." — Shippmat^ 

*' Not one of the 242 passes could well be spared. It will admirably fulfil its 
purpose . . . useful to ship owners, ship superintendents, ship draught** 
men, and all interested in shippmg." — Livmrpod JoumtU of Commerce, 

** A mass of VERT usbeul infobmatiov, accompanied by diagrams and illua- 
tHbtions, is giTen in a compact form.**— Fairplay, 

** We have found no one statement that we could have wished differently 
expressed. The matter has, so far as clearness allows, been admizablT con- 
densed, and is simple enough to be understood by every seaman. "—Ifariiii 
Wngimer, 

BY THB SAMB AUTHOR. 

Steel Sliips: Tbeir GonstmctioQ and Maintenance. 

(8— p>g» 88.) 

LONDON: CHARLES SRIFFIN a CO.. LIMITED, EXETER STREET, STRANOL 



MNGINMEMINQ AND MJBOMAHIOB. 45 

FouptMnth Bdltloii, RevlMd. Pr%mm Bla. 

Dfiny Svo, Oloth, With Nunuroui lUuitrtUiom^ r§dueBd /tmh 
Working Dratoing$, 

A MAN UAL OP 

MARINE ENGINEERING: 

COMPRISmO THE DBSIGNINO, CONSTRUCTTION. AND 
WORKING OF MARINE MACHINERY. 

By A. E. S E A T N, M. Inst. C. E., M. Inst. Meeh. B.« 
M.Inst.N.A. 



Genbral Contents. — Part I. — Principles of Marine Propulsion. 
Part II. — Principles of Steam Engineering. Part III.— Details of 
Marine Engines : Design and Calculations for Cylinders, Pistons, Valves, 
Expansion Valves, &c. Part IV.- Propellers. Part V. —Boilers. 
Part IV. — Miscellaneous. 

%* Thif Edition include! a Chapter on Watkb-Tubb BoiLEKs,.with Illustn 
tions of the leading Types and the ReviMd Rules of the Burtmu V§rita»k 



'* In the three-fold oapaoity of enabling a Student to learn how to design, ooDetrvo^ 
Mid work a Marine Steam-Engine. Mr. Seaton's Manual hae no bi f al.*'— IVmm 

" By fiur the bbst Manual in exittenoe. . . . Giyes a complete account of tht 
nethods of lolTing, with the utmost poieible eeonomy, the problems before the MariiH 
Engineer."— JMMowm. 

"Tht Student, Draughtsman, and Ennneer will find this work the moot valuabli 
Hab DBOOK of R«ferenoe on the Marine Kngine now in existence."— JfoHiM Snginmr. 



Seventh Edition, Thoroughly Revised. Pooket-Size, Leather. 8s. fid. 
A FOOEST-BOOE OF 

MARINE ENGINEERING RULES AND TABLES, 

tor THB U8S OT 

llarine Engineers. Naval Architects, Designers, Draughtsmen, 
Superintendents and Others. 

BY 

A, E. SEATON, KLO-K, M.I.Mech.R, M.I.N.A.. 

AND 

a M. ROUNTHWAITB, M.LMech.E., M.I.N.A. 

"Admibably fulfils its jpiarpoae."^MarifU Bttgm4*r. 
By B. CUNNINGH'AM. 

DOCKS: THEIR CONSTRUCTION & MAINTENANCE. 

(See page 27.) 
LONDON: CHARLES ORIFFIN * CO.. LIMITED, EXETER STREET, STRAND. 
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WORKS BT PROF. ROBERT H. SMITH, A88oe.HJ.C.B., 

M.LM.E., M.LE1.K., M.LMin.E., Whit. Bch., M.OrcLM«iJL 



THE CALCULUS FOR ENGINEERS 
AND PHYSICISTS, 

Applied to Teehnleal Problems. 

WITH EXTEirSIVB 

CO^BBIFIBD BEFEBENCE LIST OF INTEGBALB. 
By PROF. ROBERT H. SMITH. 

A88ISTSD BT 

R F.. MUIRHEAD, M.A., B.Sa, 

Formerly Olftrk Ftllow of GlMffow Uniyortity, and Looturor on MathomatlM at 
Maion Gollefo. 

In Crovon 8vo, €xtra, unth DitigramB and Folding-Plate, 8s. 6d. 

" Psor. S. H. Skive's bo«k will b« B«nrieMbl« in rmderinc a hard road ▲• mamy ab T%kon9- 

ABU for th« non-math«Bati«al Studant and Bnginaar."— ^<}|«(unMfi. 

" Interesting diafframs, with practical illustrations of actual oceurranss, ara to bo found h«o 
in abnndanas. Thi tsrt coMPLxn olassifixd unnsHOK tablb will proro reiy usotal to 
■aTing the time of those who want an integral in a hurry."— T%« Jtafmeer. 



MEASUREMENT CONVERSIONS 

(English and Frenoh) : 
28 GRAPHIC TABLES OR DIAGRAMS. 

Showing at a glance the Mutital Gontsbbiok of MEABUSEMum 

in DlFTEBBNT UnITB 

Of Lengths, Areas, Volumes, Weights, Stresses, Densities, QuantitiM 

of Work, Horse Powers, Temperatures, Ac. 

For the use of Enginoon, Surooyon, AroMtocU, ani Contrmeton. 

In 4to, Board: 7s. 6d, 



*y* Prof. Smith's Covvbrsion-Tablbb form the most unique and oom- 
prehensiye collection ever placed before the profession. By their use mneh 
bme and labour will be sayed, and the cluknces of error in calculatioD 
diminished. It is beliered that henceforth no Engineer's Office will be 
eonsidered complete without them. 

" The work is intaluabu."— OeUwry ChtaNHan. 

" Oufht to be in BTnar office where eren oecasional eonrersions are required. . . . Prtl 
Amrh's TABLB6 foi m Tory BXCiLLBNT CH10K8 ou results."— EtMtHcoI lUview. 

" Prof. Smith deeenres the hearty thanks, not only of the BNtiHin, but of the Gommbmui 
WouD, for baring smoothed the way for the anoraoH of the IIkkio Stbcbm of MnAavanoai^ 
a mhject which is now assuming creat importance as a factor in maintaining oar hobb a|Ma 
rosnoH nuva"— TJU Mmtkin^ry Mmrlm. 

lONOON: CHARLES 8RIFFIN * CO., LIMITED, EXETER STREET, STRANO. 



MNOINMERINQ AND MEGHANIOS. 4f_ 

In Large 8yo. Handiome Cloth. lOi. Od. 

CHEMISTRY FOR ENGINEERS. 

BY 

BERTRAM BLOUNT, and A. G. BLOXAM, 

F.LC., F.O.fl., A.LC.B., F.I.C.. F.Ci., 

Ckmsnlting Cnicmist lo th« drown Agcnta for Oonraltinf Ohtmtet, HMd of tht Ckemiatnr 

th« OoloniM. Depurtment, Goldsmitha' Lufc.. 

Ntw OroM. 



0BHISAL CONTENTS.— Introduotlon-OkMnlitry of the CHlef MaterUU 
of OoBStemetlon— Souroes of Energy— Cliomiitry of Btoam-ralilng— COienla- 
%rj of Lnlxrleallon and LnbrloanU— Motallurgleal Proeeoses nttd in tto 
Winning and Mannfaetore of Metals. 

*'The aath«n bare iuogbbdbo bajond all expootatlan, and hara prodnaai a work whitk 
«b«ald |lTe fbmh powbb to the Enirlnaar and lCaaiiflMlarMr."^2Vk< Tiaui. 

"PBACPrioAL VHBOU«Hovv . . . aB AnMiKASLi nxt-BooK, uMftU not onlj to StodMlti. 
but to BiraiHsaM and Maha«bu or wonKs in pmiTximHa wasti and nmoma paoentiia."— 



^'A book worthy to take hi«h kjinx . . . tmtaftant of the tnbjeet ef «AaBOva wvwk 
partieQlarl7 good. , . . Wasik •▲• and ite nrodnetien olearlj worked ent. ... We 
waufiiT aicoMMiHD the work."— ^ewriMa »fOm» Li§hHm§. 



Wot Oompanion Volume bj the same Authors, see " Chimistbt 
FOR MANUFAOTURBRg," p. 71 General Catalogue, 



Works by WALTER R. BROWNE, M.A., M.lNST.G.E., 

Late Fellow of Trinity College, Cambridge. 



THE STUDENT'S MECHANICS: 

An Introduetion to the Study of Foree and MotioiL 

With Diagrams. Crown 8to. Cloth, '4s. 6d. 

" Clear in style and praetieal in metked, 'Thb Stvobnt'% MacHAHics' is oesidiaUjr to ha 
commended from all peints af view. '*-~A tlkm»m tm . 



FOUNDATIONS OF MECHANICS. 

Papen reprinted from the Engimer. In Crown 8vo, is. 



Demy 8vo, with Numerous Illustrations, 9s. 

FUEL AND WATER: 

A Manual for Users of Steam and Water. 

Bv FnoF. FRANZ SCHWACKHOFER of Vienna, and 

WALTER R. BROWNE, M.A., CE. 

Gbnbkal Comtbnts. — Heat and Combustion — Fuel^ Varieties of— Firing Anange- 
aunts : Furnace, Flues, Chiamey — The Boiler^ Choice of— Varieties — Feed-water 
Heaters— Steam Pipes— Water : Composition, Purification— Prevantion of SeaU, &c. , &c 

" The Section on Heat is one of the best and most ludd ever written."— iTaifMi^^r. 

" Cannot fidl to he TakwUe to thousands nsittc steam power. "— Rm k mmp Bng imMr . 

LONDON : CHARLES GRIFFIN ft CO.. LIMITED. EXETER STREET. STRANDi 
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Sbcoitd Edition, Rbyised and Enlakobd. 

With TablM, lUvctntioiii in the Text, and 37 Litbefiaphic PUtat. MedkiK» 

8ya Handfone Qoth. 301. 

SEWAGE DISPOSAL WORKS: 

A Guide to the Congtruetion of Works for the Prevention of the 
Pollution by Sewage of Rivers and Estoariesi 

By W. SANTO CRIMP, M.Inst.C.E., F.G.S., 

Late AMMtaal>BiiiiMW, Lowioa Q/omaltf C^naaL 



^ART L—IirTBODVCTORT. PART II.—aBWAOB DitPOfAL WORKS ni 

Opbbation— Thbib CoMmvcnoN, Maintbnamcb, and Cotr. 

*•* IVem tht fast of tlM AtttlMr'i kaviag* for smm j—x%, had chane of th« Main 
Buianti Worka of tka Nortiiw* Saetion af tko MatropoUt, dte ckaptar on London will be 
ianoA. ta aof in maay iatportaat datalU wkich aroald not otkarwiM IiaTe baaa aTailablc. 

" All aowot i n tig m ad in SmAmt f^t kmw owa a dabt af gialifde te Mr. Criip. . . . 
■k w«tk will ba aapadaUr oaaM la Sanitaey AunoniTins and tbair iMmn . . . 

HTLT FKACTICAX. AUB VnTVL."— Z,4MV#^ 



"FNbaUy tka Morr comnmrm am* wmnrwrnt^mm on tba wtkktct wiuck kas appaared 
In our bafvaffa • WBl pi«v« of iba gMnteot mm ta aU wko hare tke probtom 0/ 

Sawaga Duppoial to fMa."— ^iMa^iwrf-A MtHUtalJ^ttmml. 



Beautifully Illuitrated, with Numerous Plates, Diagrams, and 
Figures in the Text, £ls» net, 

TRADES' WASTE! 

ITS TBBATMENT AND UTILISATION. 
A Handbook for Borough Engrineers, Surveyors, Architects, and Analysts. 

By W. NAYLOR, F.O.S., A.M.Inst.C.E., 

Chief Inspector of Rivers, BIbble Joint Committee. 

Contents.— I. Introduction.— II. Chemical Engineering.— III.— Wool De-greasing 
and Grease Eecovery.- IV. Textile Industries'; Calico Bleaching and Dyeing.— V. Dyeing 
and Calico-Printing.— VI. Tanning and Fellmongery.— VII. Brewery and Distillery 
Waste.- VIII. Paper Mill Befuse.— IX. General Trades' Waste.— Index. 

''There is probably no person in England to-da}' better fitted to deal rationally with 
such a subject."— ^rittjA Sanitarian. 

" The work is thoroughly practical, and will serve as a handbook in the future for thosa 
who have to encounter the problems discussed."— (7A«m«ca^ Trade Jwirnal. 



In Crown 8to, Extra. With lUuatrationa 8f. 6d. 

CALCAREOUS CEMENTS: 

THEIR NATURE, PREPARATION, AND USES. 
By gilbert R. REDGRAVE, Assoc. Inst. C.E., 

Assistant Sseretary for Tsohnoloffy, Board of Bduoatioa. South KanslnftOD. 
*' LrrALUABLB to the Student, Arehitaet, and Bnginoer."- JhtUdinff yew. 
'* will ba oaoful to all interested In the MAiravAOTuaB, nsa, and Taamra of Oomonts '• 

Pn^fiMM*. 

LONDON: 0HARLE8 GRIFFIN & 00.. LIMITED, EXETER STREET. STRAND. 
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ELECTRICAL ENGINEERING. 

Second Edition, Revised. In Large Svo. Handsome Cloth, Projusefy 
Illustrated with Plates^ Diagrams^ and Pigures, 24s. net, 

CEMTRAL ELECTRICAL STATIONS: 

Their Desigrn, Organisation, and Manapement. 

ByCHAS. H. WORDINGHAM, A.K.C.,M.Inst.C.E.,M.Inst.Mech,E., 

Late Memb. of Council InstE.E., and Electrical Engineer to the City of Manchester. 

ABRIDGED CONTENTS. 

Introductorr. — Central Station Work as a Profession.— As an InvestmtnL— The Estab- 
lishment of a Central Station —Systems of Supi^y. — Site.— Architecture.— Plant.— Boilers — 
Systems of I^mught and Waste Heat Economy. — Coal HandUnc, Weighing, and Storing. — 
Tlie Transmission of Steam. — Generators. — Condensing A^iances. — Switching G«ar, 
Iiutruments, and Connections. — Distributing Mains. — Insulation, Resistance, and Cost. — 
Distributing Networks — Service Mains and Feeders. — Testing Mains. — Meters and 
Appliances.— Standardising and Testing Laboratory —Secondary Batteries. — Street Light- 
ing. — Cost. — G«neral Organisation — Mains DepMtment. — Installation Department. — 
Standardising Department— Drawing OflELce — Clerical Department— The Consumer. — 
Routine and Main Laying.— Index. 

** One of the most valuable contributions to Central Station literature we have had 
far some nm%."—£Ucttictty. 



ELECTRICITY CONTROL. 

A Treatise on Eleetrieity Switehgear and Systems of Transmission. 
By LEONARD ANDREWS. M.LE.E., 

Ex-Member of Council of the Incor,. orated Municipal Electrical Association ; Consulting 

Electrical Engineer to the Hastings Corporation, &c., &.c. 
Genaral Principles of Switchgear Design.— Constructional Details —Circuit Breakers or 
Arc Interrupting Devices.— Automatically Operated Circuit- Breakers.— Alternating Reverse 
Current Devices. — Arrangement of 'Bus Bars, and Apparatus for Parallel Running. — 
General Arrangement of Controlling Apparatus for High Tension Systems. — General 
Arrangement of Controlling Apparatus for Low Tension Systems. — Examples of Complete 
Installations. — Long Distance Transmission Schemes. 



SiXTKBNTH Edition^ Thoroughly ReTiied and Enlarged. 

A POCKET-BOOK 

ELECTRICAL RULES & TABLES 

FOR THE USE OF ELECTRICIANS AND ENGINEERS, 

By JOHN MUNRO, C.E., & P»QF. JAMIESON, M.Inst.C.E., r.R.S.B. 

With Numorous Diagrams. Pocket Size. Leather, 8s. 6d. 

QENXRAL CONTENTS. 

Units of Measurement. — Measures. — Testing. — Conductors. — Dielectrics. — Submarine 
Cables.— Telegraphy.— Electro-chemistry.— £lectro-Metallurgy.—Batteries.—Dynamos andh 
Moton.— Transformers.— Electric Lighting.— Miscellanoous.—Logarithms. —Appendices. 

" WoMDBitruLLT Pbsfsct. . . . Worthy of the highest ooauneadatioi> we ca» 
give iL.'*—EUciriciaH. 

"The Stxkung Valub of Messrs. Munko and jAMiMoir'f Pock>t>Book " - 
ElHtrumi Revitm. 

LONDON : CHARLES GRIFFIN & CO., LIMITED, EXETER STREET. STRAND. 
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By PB0FES80B8 J, H. POYNTING k J. J. TH0M80H. 

In Five Yolames. Large 8vo. Sold Separately. 

A TEXT-BOOK OF PHYSICS, 

J. H. POYNTING, ' J. J. THOMSON, 

■C.B.. r.R.8., j^j) M.A.. F.R.8.. 

teli l^U«w of Trinity OoU«ff«. Oambrldffe; Fell«w of Trinity CoUeire. Gunbild^; Prol 

rrefoMor of Phjiies. BlrminffhMn of Szporimental Physios in the UniTordtf 

University. of Oambridx*. 



Introductory Volume, fully Illustrated. Second Edition, Revised. 
Price 10s. 6d. 

PROPERmsss OP nsArrrrssR. 

Ooanwn. — enTltetion. — Tht Aeo«I«nktion of Gravity. — Elaatioity.— StresBM and 
imOiM.— Tonion.— Bondinf of Bods.^Bpiral •prints.— Collision.— ComprwsibilltF o' 
Llfvldt.— ProMSTM and 7olaxn*« of GasM.— Thormal Effoott Accompanying Stndn.— 
GanlUarity.— 4Snrfao6 Tenaion.— Laplaco's Thoory of Capillarity.— Difrnsion of Liqnidf — 
Dmaton of GaMt.— Yisaosity of Lfqnids.— Ihbbx. 



ToLUMB II. Sbcokd Edition. Fully Illustrated. Price Ss. 6d. 

S O XJ N I>. 

OoMTiWM.— The Nature of Boond and ita ohitf Characteristics.— The Telocity of Soond 

?Air and other Media.— Reflection and Befraotion of Sonnd.— Freqnencnr and Pitch of 
ole«.-B«aonane« and Forced OeoUlationa.— Analyais of Tibrattons.— The Traiwvene 
iljrationc of Stretched Strincs or Wires -Plpee and other Air Cavities.- Bode.— Plaleei 
— ICemhranea.— Yihratlons maintained by Heat.— Sensitive Flames and Jete.— MBaieal 
■and.— The Svperpoeition of Waves.— Index. 

" TIm work . . . may be recommended to anyone deairons of poseesdnf an mjksr 
vt^TV-MLTn Btjutdabd Tkbavisb on Aconattos.*'- X4V<ral«ira 

" Yery clearly written. . . . The names of the anthers are a ffuarantee of the 
3 ▲ooomAor andtTF-ro-DATi ciAaACTBm of the irork-.'^—Sducationai Tlm»$. 



Volume III. At Press. Fully Illustrated. 

Remaining Volumes in Preparation — 
LIGHT ; MAGNETISM AND ELECTRICITY. 



THE MEAN DENSITY OF THE EARTH : An Essay to which the 
Adams Prize waa adjudged in 1893 in the University of Cambridge. By J. M. 
POYNTING, ScD., F.R.S.. Late Fellow of Trinity College, Cambridge; Professor of 
Physics, Birmingham University. In Large 8vo, with Bibliography, Illustrations im. 
the Text, and Seven Lithographed Plates. 12s. 6d. 



" An aeooont of this saUsct eannet fisil te be of eaxAT and eaiiaBAL miusr to the seienttts 
flsind. Bspedally is this the case when the accoant is given by one. who has contrftsted se 
considerably as has Prof. Peynttef te onr present state of knowledge with reraect to a very 
dlfieolt subtect. . . . Bemarkably has Newton's estimate been venBed by Prof. Penttng-"' 
AthencBum. 
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A SHORT MANUAL OF 

INORGANIC CHEMISTRY. 

BY 

A. DUPRE, Ph.D., F.R.S., 

AND 

WILSON HAKE, Ph.D., F.I.O., F.C.S., 

Of Ik* WMtmaator Hotpttal MsdioAl SdwoL 
Thihd £dition, Rerised, Enlarged, and Re-issued. Price 6s. net. 



** A wl-wiittoa , d— r aad a—wte FltM—f ry If— «■! •f imM^juAc Ckwitry. . . . 
We agre* iMsrtily with tk* syttMi adopted by Dn. Duprtf and Haka. Wiix makb Sxnni- 

MflMTAL WeRK TSBBLT INTSKnTINO BBCAUtB INTBLUaiBLB."— %S«#Wrdkf RtwUw. 

** TlMf« is BO ^ttoadon that, giToa Iho fbufbct asouvDiMO of the Stodant in his Sdapa^ 
Aa faiaiadM' ooomi aAorwaidt to him in a ■aaaar amah mora liaqtla aad aaaily acq«M[ 

TW VOlk M AM BXAMFLB OT TMB ADTAMTAttBt OV THB SvtTBMATIC TbBATMBMT of % 

titiBOl afvmr tha fragBMatafr styio ao ffOBanUty foHowad. By a Loaia way thb bbbt of Aa 
mmH IfaMMds for ttudaota.'^— j^mmv/jv/. 
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OUTLINES OF QUANTITATIVE ANALYSIS. 

FOR THE USa OF StrUDBNTS. 

With niastrfttions. Fourth Editiok. Crown 8yo, Cloth, 3e. 

" A cxyMPAOT LABORATOBT •uiDB far boginBen wai wasted, end tha want has 
heen will eurPLiBD. ... A geed end nsefnl beek. "—ixmeit 



OUTLINES OF QUALITATIVE ANALYSIS. 

FOR THM UME OF STUDBNTS. 

With niuitrations. Fourth Edition, Revised. Crown Sto, Cloth, 3e. 6d. 

•* The werk ef a thsfeni^j pnMtieal ohemist"— Briliiik Medical JotmuU, 
- Oompilad with graat ears, and will snpplj a want*'— •/btfmoZ of EdueatUm. 



ELEMENTARY METALLURGY: 

Inolnding the Author's Practical Laboratory Course. With many 
lUuatrations. [See p. 66 General Catalogue. 

Thibd Edition, Rerised. Crown 8yo. Cloth, 6s. 
" Jaet Iht kind of work for students eommandng the study of mttalluigj.'*— 
Praetical Mngineer. 
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PRACTICAL SANITATION; 

4 HAND-BOOK FOR SANITARY INSPECTORS AND OTHERS 

INTERESTED IN SANITATION, 

By GEORGE REID, M.D., D.P.H., 

<^#/Aw, JUtrn. C0UMcilt and Exmmimr, Smmiimfy ImHiuU ^ Grtmi Sritmm. 
mnd MtdUal Offiur U iks SU^fordgkir* C^tmty C^tmciL 

THlitb an BppenDU on Sanitary Xaw. 

By HERBERT MAN LEY, M.A., M.B., D.P.H., 

MOuml Office 0fM«»lik ffr ttu C0tmiy Bt^uih #/ Wttt Bfmmkk. 

Gknbkal Contents.— Introduction— Water Supply: Drmking Watei^ 
f Dilution of Water— Ventilation and Warming — Principles of Sewuge- 
Rcmoval — Details of Drainage ; Refuse RemoTal and Duposal — Sanitary 
and Insanitary Work and Apdiances — Details of Plumbers' Work— House 
Construction — Infection and JDiunfection •— Food, Inspection of ; Charae- 
leristics of Good Meat ; Meat, Milk, Fish, &c., unfit for Human Food- 
appendix : Sanitary Law ; Model Bye-Laws, &c. 

" Dr. Reid*s Tery useful Manual . . . abounds in practical dbtaiu*' 
—British AitdUeU Journal, 

" A VBRT USEFUL HANDBOOK, with a Yery useful Appendix. We recommiod 
it not only to Sanitary Inspectors, but to Householders and all inu ' ' 
in Sanitary matters." — Sanii4»y Ruprd, 



COMPANION VOLUME TO REID'8 SANITATION. 

. In Crown 8vo. Handsome Cloth. Profusely Illustrated, 8s. 6d. net. 

Sanitary Engineering: 

A Praotioai Manual of Town Drainage and Sewage and Refu»e Diapotai^ 

Per Sanitary Authorltlee, Enflrineers, Inapeotore, Arohlteete, 
Oentraotore, and ttudents. 

BY 

FRANCIS WOOD, A.M.Inst.C.E., F.G.S., 

Borough Engineer and Surveyor, Fulham ; late Borough Engineer, Bacup, Lanes. 



aENEBAL CONTENTS. 
Introduction. — Hydraulics.— Velocity of Water in Pipes.— Earth Pressures and Retaining 
Walls.— Powers.— House Drainage. - Land Drainage. — Sewers.— Separate System.— Sewage 
EHimping. — Sewer Ventilation.— Drainage Areas.— Sewers, Manholes, &c.— Trade Refuse. — 
Sewage Disposal Works.— Bactbriolysis.— Sludge Disposal.— Construction and Cleansing 
o< Sewers.^Refu«e Disposal.- Chinmeys and Foundations. 

" The volume bristles with information which will be greedily read by those in need of assistance. The 
book IS one that ought to be ou tlie bookshelves of BVBRY PRACTICAL KNGmB.Rti.''-Sanaaty y^umai. 

'* A VBRITABLB POCKET COMPENDIUM of Sanitary Engineering. ... A work which may. ia 
many respects, be considered as COMPLETE . . , COMMBNDABLY CAUTIOUS . . . INTBRBSTING 
. SXJGG^STlvn."— Public HeaUh Snginttr, 
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